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CHAPTER 1
 
INTRODUCTION
 
Cardiovascular fitness has been identified as one of
 
the most important health-related fitness components that
 
every individual should strive to improve (AAHPERD, 1984;
 
Fox & Matthews, 1981). Extremely poor cardiovascular
 
fitness (CVF) is indicative of problems related to
 
coronary heart disease.
 
The ability of the body to utilize oxygen to sustain
 
strenuous exercise has been commonly used as an indirect
 
method for evaluating the physiological state of an
 
individual's cardiovascular and respiratory systems. The
 
highest amount of oxygen consumed during strenuous
 
exercise, engaging large muscle groups while breathing air
 
at sea level, is known as the maximal oxygen consumption
 
(VO2max). It is universally accepted that maximal exercise
 
stress tests that elicit maximal oxygen consumption are
 
the most valid and reliable methods for determining the
 
'true' CVF of individuals (Astrand & Rodahl, 1986;
 
McArdle, Katch & Katch, 1991). The measurement of maximal
 
oxygen consumption is routinely carried out with many non-

handicapped populations, evidenced by the plethora of
 
reported studies in the popular medical and sport science
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journals. Researchers investigating the CVF of individuals
 
with mental retardation (MR) have, however, expressed
 
reservations about the validity and reliability of such
 
maximal tests for this particular population (Fernhall,
 
Tymeson & Webster, 1988; Lavay, Reid & Cressler-Chaviz,
 
1990; Pitetti & Tan, 1991). The basic assumption
 
underlying the validity of the VOomz value obtained
 
through maximal exercise testing is that the individual
 
being tested maximally is performing to the best of
 
his/her physiological capacities, especially with regards
 
to aerobic capacity. Unfortunately, it has been suggested
 
and documented that individuals with MR often do not
 
appreciate the concept of "maximal effort" and do not
 
perform to their true cardiovascular capacities (Lavay et
 
al., 1990). The ability of maximal CVF tests to measure
 
the "true" maximal oxygen uptake of individuals with MR
 
has thus been questioned. Factors often cited for possible
 
confounding of the validity and reliability of the VOA=
 
value of individuals with MR obtained through maximal
 
exercise tests include:
 
a) degree of motivation required by maximal stress tests
 
(Seidl, Reid, Montgomery, 1987)
 
b) level of tolerance for exercise-induced discomfort and
 
pain,
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c) familiarization and prior experience with the testing
 
procedure(s) and environment (Fernhall & Tymeson,
 
1987),
 
d) understanding of the requirements and procedures of the
 
test being used (Tomporowski & Ellis, 1984), and
 
e) degree of mental retardation of subject being tested
 
(Fernhall & Tymeson, 1988).
 
However, even if laboratory-type exercise testing is
 
not confounded by the variables mentioned, the feasibility
 
and practicality of testing large groups of individuals
 
with MR with laboratory-type maximal stress tests still
 
remain questionable. Maximal exercise tests require access
 
to sophisticated equipment, trained testing personnel and
 
specific testing procedures. In addition, the possible
 
risks inherent in maximal exercise testing make it very
 
difficult for professionals working with individuals with
 
MR to support the need for such tests. Despite the
 
problems presented in the measurement of maximal oxygen
 
uptake of individuals with MR, there is still a need to
 
evaluate this important health-related cardiovascular
 
component for the purpose of effective intervention,
 
program planning, prescription and evaluation.
 
Since the late 1950's, numerous types of
 
cardiovascular fitness field tests have been developed for
 
normal non-handicapped populations. Unfortunately these
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field tests have been adopted and used indiscriminately
 
with individuals with disabilities without any attention
 
paid to the test's validity and/or reliability. Two of the
 
most common cardiovascular fitness field tests that have
 
been used with individuals with MR are the Canadian Home
 
Fitness Test (basically a step test) and endurance running
 
tests of various distances ranging from 300 yard to 1.5
 
mile. Of these two types of field tests, the endurance
 
running test of aerobic capacity has become one of the
 
most widely used field tests for evaluating the CVF level
 
of individuals with MR. For example, one of the very first
 
studies that evaluated the physical fitness of boys with
 
educable mental retardation used a 600 yard run as a
 
cardiovascular fitness test (Stein, 1965). In addition,
 
the first study to evaluate the physical fitness of
 
children with trainable mental retardation utilized a 300
 
yard run test as part of a fitness test battery (Londeree
 
and Johnson, 1974).
 
The popularity of endurance running field tests stems
 
from the fact that they are relatively easy to administer.
 
The time, expertise, equipment and costs needed for such
 
tests are often minimal compared to maximal laboratory
 
tests. Besides being able to test a large number of people
 
at the same time, endurance running field tests also are
 
especially attractive for testing individuals with MR
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because running is considered to be a simple phylogenetic
 
skill that presumably most individuals with MR are capable
 
of performing. Running field tests are also generally
 
classified as 'low risk' tests compared to the greater
 
risk involved in maximal exercise tests. Unfortunately,
 
many individuals using running field tests for testing
 
individuals with MR fail to realize that, to date, only
 
one running field test, the 1.5 mile test, has been
 
determined to be a valid test of CVF for adult men with MR
 
(Fernhall & Tymeson, 1988). Used since the start of the
 
early 60's, the validity of endurance running tests as
 
tests of CVF have never been established for any other
 
population of individuals with MR, except for the six
 
adult men studied by Fernhall & Tymeson (1988). It is also
 
very unfortunate that well established physical fitness
 
test batteries developed for non-handicapped populations
 
(e.g. the AAHPERD Youth Fitness Test) and widely used with
 
individuals with mental retardation have never been
 
established as valid for this particular population.
 
Recently, it has been recommended that a one-mile
 
walking test (also commonly known as the Rockport Fitness
 
Walking test, RFWT) is a viable alternative for estimating
 
the CVF of individuals with and without MR (Kline et al.,
 
1987; Zwiren, Freedson, Ward, Wilke & Rippe, 1991;
 
Jackson, Solomon & Stusek, 1992; Fernstermaker, Plowman &
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Looney, 1992; Rintala, Dunn, McCubbin & Quinn, 1992). The
 
one-mile RFWT is slowly gaining recognition because,
 
compared to running, walking is a simpler skill that most
 
individuals, with and without MR, are proficient and
 
comfortable with.  The RFWT has been reported to be a
 
valid and reliable field test of CVF for adults with and
 
without MR (Kline et al., 1987; Zwiren et al., 1991;
 
Jackson et al., 1992; Fenstermaker et al., 1992; Rintala
 
et al., 1992). The validity of the RFWT for young children
 
and adolescents with MR has yet to be determined, although
 
Teo-Koh & McCubbin (1993) have established that it is a
 
reliable test for 9 to 12 year old children with moderate
 
MR. Since no valid running or walk test has yet to be
 
developed for younger individuals with mental retardation,
 
there is thus a need to determine if the one-mile RFWT can
 
be a valid and reliable field test of CVF for children and
 
adolescents with MR.
 
PURPOSE OF STUDY
 
The primary purpose of this study was to study the
 
relationship between peak oxygen consumption (peak V02)
 
and performance on the Rockport one-mile walk test for 12
 
to 17 year old males with mental retardation.
 
Secondarily, students with mental retardation in
 
Singapore are tested annually to determine their level of
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physical fitness. The fitness battery utilized is the same
 
test battery used for non-handicapped school students.
 
Cardiovascular fitness is assessed using the National
 
Aerobic Physical Fitness Award (NAPFA)'s 1.6 km (i.e. one
 
mile) run test. Unfortunately, these field tests of CVF
 
have never been established to be valid and/or reliable
 
for individuals with MR. Fewer than 20% of Singaporean
 
students with MR tested on the 1.6 km run complete the
 
test each year. The time and energy expended by teachers
 
for such fitness testing is thus a futile exercise where
 
little useful information can be obtained. There is an
 
urgent need to find a more appropriate, valid and reliable
 
field test of CVF that can provide more meaningful
 
information for program planning for this particular group
 
of individuals.
 
Specifically, this study was designed to answer the
 
following questions:
 
1. Is there consistency in performance across time and
 
heart-rate (HR) response on the one-mile RFWT? In other
 
words, what is the test-retest reliability of the RFWT
 
when used with 12 to 17 year old males with MR?
 
2. What is the test-retest reliability of peak VO2 values
 
of 12 to 17 year old males with MR?
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3. What is the statistical relationship between RFWT
 
performance and the peak VO2 value obtained via graded
 
maximal treadmill exercise testing?
 
4. What is the cardiovascular fitness status of 12 to 17
 
year old males with MR in Singapore as measured by a
 
graded maximal treadmill exercise test (GMTT)?
 
SIGNIFICANCE OF STUDY
 
Of all the running and walking field tests of CVF
 
commonly used with individuals with MR, only two CVF field
 
tests have been tested and reported to be valid and
 
reliable for individuals with MR. Fernhall & Tymeson
 
(1988) reported that the 1.5 mile run was a valid CVF test
 
for six adult men with MR. Recently, Rintala et al. (1992)
 
have determined that the one-mile RFWT is a valid and
 
reliable CVF test for 19 adult men with moderate MR.
 
Kittredge, Rimmer & Looney (1994) have also reported that
 
the RFWT is a reliable CVF field test for 12 adult males
 
and 13 adult females with MR. To date, most of the
 
reported research with regards to the validity and
 
reliability of endurance running tests and the RFWT have
 
been done with adults with MR.
 
Watkinson & Koh (1988) have tested youth with
 
moderate retardation on the Canadian Fitness Award
 
endurance running test. Although performance on the
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running test was not validated with VOgnax testing, based
 
on heart-rate response data monitored during the run, it
 
was suggested that the endurance run test was a valid CVF
 
field test for the sample tested. It is difficult to
 
interpret the finding of this study since performance on
 
the endurance run test was not validated against a
 
criterion measure.
 
Except for one reliability study (Teo-Koh & McCubbin,
 
1993), it is unclear if the one-mile RFWT is a valid
 
and/or reliable test for younger individuals with MR. The
 
results of this present investigation would contribute to
 
the limited existing scientific literature on
 
cardiovascular fitness testing of children and adolescents
 
with MR.
 
HYPOTHESES 
To facilitate the direction of this study, the
 
following hypotheses were made:
 
Hypothesis #1
 
The one-mile RFWT is a reliable CVF test for 12 to 17
 
year old males with MR. That is, the intraclass
 
correlation coefficient (R) between the time taken to
 
complete the walk test across 2 testing sessions should
 
equal or exceed 0.80.
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Hypothesis #2
 
The heart-rates immediately at completion of the RFWT
 
will be highly correlated (R equal or greater than 0.80)
 
across 2 RFWT testing sessions.
 
Hypothesis #3
 
The test-retest reliability of peak VO2 values
 
obtained for the sample should be high. That is, R should
 
equal or exceed 0.80.
 
Hypothesis #4
 
The time taken to complete the RFWT will be
 
negatively and significantly correlated (equal or greater
 
than - 0.80) to the peak VO2 values obtained for 12 to 17
 
year old males with MR.
 
INDEPENDENT AND DEPENDENT VARIABLES
 
The independent variables used in this study were:
 
1. the one-mile Rockport Fitness Walking Test (RFWT), and
 
2. the graded maximal treadmill test (GMTT).
 
The dependent variables included:
 
1. the time taken (minutes) to complete the RFWT,
 
2. the heart-rate (bpm) immediately at the completion of
 
the RFWT (End HR),
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3. the peak heart-rate (bpm) recorded during the RFWT (W
 
-HRpak) and during the GMTT
 
4. the relative VO2max or peak VO2 value (ml.kg-1.min-1),
 
5. the absolute VO2max or peak VO2 value (1-min-1),
 
6. respiratory measures, i.e. peak respiratory exchange
 
ratio (RERpwad and peak ventilation (VElmod
 
7. The weight (kg), height (cm), age (years) and IQ of
 
subjects.
 
LIMITATIONS
 
This study was limited to 12 to 17 year old males
 
with MR who have no known cardiovascular diseases or any
 
physical impairment(s). Only those subjects identified as
 
medically fit by a medical doctor and whose parents
 
consented to their participation were tested. The
 
generalizability of this study is thus limited to this
 
particular population of individuals with MR and cannot be
 
generalized to other special populations or any other age
 
and gender groups of individuals with or without MR.
 
Although every attempt and provision was made to
 
elicit optimal performance, it was not possible for this
 
study to exercise control over subjects' motivation to
 
perform during the walk test and the maximal exercise
 
test.
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For the RFWT, only two subjects were tested at any
 
one time. Each subject was paced by a non-disabled adult
 
who was able to set a pace that was individualized and
 
appropriate for each subject.
 
DELIMITATIONS
 
The sample selected for this study was limited to
 
forty males with MR, ages 12 to 17, who were attending
 
special schools for the intellectually disabled in
 
Singapore. Subjects' level of MR ranged from mild to
 
moderate retardation as defined by the 1983 American
 
Association on Mental Retardation's classification
 
(Grossman, 1983 - please refer to Definition section (page
 
14) for explanation of differences between the 1983 and
 
the most recent 1992 definition and classification of MR).
 
Subjects' IQ levels were determined and classified by the
 
schools' psychologists using the Wechsler Intelligence
 
Scale for Children-Revised (WISC-R). All subjects were
 
living with their families and were not engaged in any
 
special physical training programs during the data
 
collection phase.
 
To maintain ecological validity of the one-mile RFWT,
 
the test was conducted outdoors during the months of
 
January to April, 1994, between 8:30 to 9:30 A.M. under
 
prevailing outdoor weather conditions in Singapore. The
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outdoor temperature ranged between 29 to 32 °C while
 
humidity ranged from 75 to 90% for the RFWT testing
 
sessions. The laboratory graded maximal treadmill test
 
protocol used was a modified version of the testing
 
procedures proposed by Fernhall & Tymeson (1987) and
 
Rintala et al. (1992).  The GMTT was conducted in the
 
morning in the Exercise Physiology Laboratory of the
 
School of Physical Education, Singapore.
 
DEFINITION OF TERMS
 
Cardiovascular Fitness (CVF)
 
Also commonly referred to as cardio-respiratory
 
fitness, cardiovascular fitness is defined as the ability
 
of the lungs and heart to take in and transport oxygen to
 
the working muscular tissues over an extended period of
 
time.
 
Intellectually Disabled
 
This term is used in Singapore to refer to students
 
with mental retardation. To be consistent with the
 
research literature, the term "mental retardation" will be
 
used instead of "intellectual disability" throughout this
 
report.
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Maximal Oxygen Consumption (1Mmax)
 
Believed to be the best measure of the capacity of
 
the cardiovascular system, maximal oxygen consumption is a
 
measure of the highest amount of oxygen that an individual
 
can consume during strenuous physical work that involves
 
large muscle groups while breathing air at sea level.
 
Theoretically, attainment of VO2max is defined as the
 
point at which oxygen consumption fails to rise despite an
 
increase in exercise intensity or work load (Astrand &
 
Rodahl, 1986; Brooks & Fahey, 1987).
 
Mental Retardation (MR)
 
In 1992, the diagnostic criteria for mental
 
retardation were broadened by the American Association on
 
Mental Retardation (AAMR) into a four-part definition
 
(Luckasson et al., 1992). Mental retardation
 
- refers to substantial limitations in certain
 
personal capabilities,
 
- is manifested as significantly subaverage
 
intellectual functioning,
 
- exists concurrently with related disabilities in 2
 
or more of the following adaptive skill areas:
 
communications  self-care 
home living  social skills 
community use  self-direction 15 
health and safety  functional academics 
work  leisure 
- begins before age 18 
The degree of mental retardation is now classified by
 
the AAMR into two levels, mild and severe. The
 
classification is no longer based on IQ but on the level
 
of function within adaptive skill levels listed above.
 
It must be noted that in Singapore, degree of mental
 
retardation (or intellectual disability) is still
 
classified according to the 1983 AAMR classification
 
(Grossman, 1983):
 
Level  Intelligence Quotient (IQ) Range
 
Mild  50-55 to approx. 70
 
Moderate  35-40 to 50-55
 
Severe  20-25 to 35-40
 
Profound  Below 20-25
 
For this study, subjects' degree of MR was based on the
 
1983 AAMR classification.
 
Pacers
 
Pacers were research assistants/teachers who walked
 
ahead or alongside subjects, providing verbal
 
encouragements and prompts to subjects for the purpose of
 
promoting optimal performance during the one-mile RFWT.
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Peak VO2
 
The highest oxygen consumption value obtained during
 
a graded maximal exercise test in the absence of a
 
levelling off in V02 value as exercise intensity
 
increases is referred to as the peak V02. Peak V02 has
 
most recently been reported to be a valid indicator of
 
true VO2max in children, despite the absence of a V02
 
plateau (Rowland, 1993).
 
Peak VO2 measures can be sub-classified into
 
relative and absolute values:
 
a) relative peak VO2
 
In work done where the body has to be lifted (as in
 
walking or running), it is more appropriate to consider
 
the oxygen uptake in relation to body weight. Relative
 
peak VO2 refers to the maximal amount of oxygen consumed
 
(in milliliters) per kilogram of gross body weight.
 
Relative peak VO2 is thus expressed in units of "mlkg-k
 
b) absolute peak VO2
 
When the maximal amount of oxygen consumed by an
 
individual is not related to his/hers gross body weight,
 
the term "absolute peak V02" is used. Absolute peak VO2
 
is expressed in units of "liters.min-In.
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Respiratory Exchange Ratio (RER)
 
The respiratory exchange ratio is defined as the
 
ratio of carbon dioxide production to oxygen consumption.
 
This ratio of metabolic gas exchange provides an
 
indication of the substrate utilization during steady
 
state submaximal exercise. A RER value of 1.0 represents
 
100% carbohydrate metabolism while a RER value of 0.7
 
represents 100% fat metabolism.
 
Polar Sport-tester Heart-rate monitor
 
The Polar Sport-tester is a short-range telemetry
 
microcomputer system for monitoring heart-rate. The Polar
 
Sport-tester consists of a pulse transmitter attached
 
onto a belt and a receiver microcomputer. The Sport-

tester can be programmed to monitor and store heart-rate
 
responses for every 15 or 30-second intervals in its
 
memory function. The pulse transmitter is connected to 2
 
electrodes in the belt and is in wireless contact with
 
its watch-like receiver microcomputer. The electrode is
 
worn around the chest at about the 5th intercostal level
 
while the watch-like receiver can be worn on the wrist or
 
attached anywhere near the body as long as it is within a
 
one-meter receiving range of the transmitter.
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CHAPTER II
 
REVIEW OF LITERATURE
 
Since the mid 70's, many individuals have become very
 
aware of the positive impact that physical fitness has
 
upon general health and disease management. The
 
realization that "healthy body, healthy mind" is more than
 
a slogan has spurred many individuals to adopt a healthy
 
lifestyle approach. In terms of economics, a healthy
 
population can translate into reduced health-care and
 
medical costs for many governments and thus they expend
 
much effort to encourage their citizens to adopt fit and
 
healthy lifestyles.
 
Individuals with disabilities often do not receive
 
the same opportunities and encouragements to stay
 
physically healthy. For too many years, it was often
 
wrongly assumed that such individuals have many medical
 
complications and their disabilities hinder any real
 
benefits they may derive from physical activity
 
participation. The emergence of physically well-trained
 
wheelchair athletes, as well as the impact that Special
 
Olympics have upon the physical well-being of individuals
 
with mental retardation, has sensitized many professionals
 
to realize that it is just as important, if not more
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essential, for individuals with disabilities to be healthy
 
and physically fit. The reported increasing incidence of
 
obesity and coronary heart-related diseases among
 
individuals with mental retardation has become a major
 
health concern. More importantly, studies have also shown
 
that physical fitness is correlated to work productivity
 
for many individuals with mental retardation (Moon &
 
Renzaglia, 1982; Beasley, 1982)
 
With the increasing number of people participating in
 
physical activities and fitness programs, fitness
 
evaluation has also become a common and essential
 
component of many programs. Such evaluations are important
 
and included as part of many programs so that
 
individualized programs can be planned for individuals
 
based upon their assessed fitness levels. Assessment
 
results are also important for determining the entry
 
levels of participants as well as for keeping track of
 
improvement/achievements.
 
Fitness evaluations often assess some components of
 
health-related fitness and/or skill-related fitness.
 
Although no universal consensus exists as to what
 
components truly contribute to health-related fitness,
 
most health-related fitness test batteries currently in
 
use include some measures of:
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1) flexibility
 
2) muscular endurance
 
3) muscular strength
 
4) body composition
 
5) cardiovascular fitness/endurance
 
Of all these health-related components, cardiovascular
 
fitness has been singled out as an important component to
 
assess because of its relationship to coronary heart
 
conditions and overall physiological functioning.
 
Cardiovascular fitness assessment provides information
 
related to:
 
1) the ability of the respiratory system to uptake
 
oxygen under stress
 
2) the ability of the circulatory system to deliver
 
the oxygen to other organ systems and the working
 
muscles
 
3) the ability of working tissues to utilize oxygen
 
for energy production
 
4) the ability of the circulatory and respiratory
 
systems to remove waste by-products as a result of
 
energy metabolism.
 
Cardiovascular fitness assessment has evolved over the
 
years. Procedures utilized these days can involve
 
sophisticated maximal exercise stress testing or simple
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field tests that hardly require any equipment, except for
 
a stopwatch.
 
A review of the research literature on the CVF
 
fitness evaluation of individuals with mental retardation
 
showed that much of the focus related to such evaluations
 
has changed, especially over the last five years. Research
 
done in the late 60's, and up until the mid 80's, were
 
mainly indirect assessment of fitness using field based
 
tests that were developed with normal non-handicapped
 
populations. Such testings were mainly conducted to
 
determine the level of cardiovascular fitness. Since the
 
mid 80's and to the present day, the focus has centered on
 
the validity and reliability of many standard CVF tests
 
used with individuals with MR. Much effort is now directed
 
at evaluating functional cardiovascular capacities as well
 
as the development of more valid and reliable tests and
 
testing procedures for individuals with mental
 
retardation.
 
The purpose of this review is thus to provide a
 
critical review of the research work done in CVF
 
assessment of individuals with MR and to present the
 
problems and issues in this area. This review will be
 
confined to research work done with individuals with MR in
 
maximal exercise CVF testing, as well as running and
 
walking field tests of CVF.
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MAXIMAL OXYGEN CONSUMPTION TESTING OF PERSONS WITH MENTAL
 
RETARDATION
 
An extensive search of the literature indicates that
 
there is a real paucity of research in the entire area of
 
VO2max determination of individuals with MR. There seems
 
to be a tendency for investigators to shy away from such
 
maximal performance testing of individuals with MR. In
 
this section, the available literature will be critically
 
reviewed, followed by a discussion of the methodological
 
limitations and problems of maximal exercise testing.
 
Maximal Treadmill Tests
 
Maximal oxygen uptake measured by a maximal treadmill
 
test usually elicits a greater VO2 value than other
 
cycling ergometry tests (Astrand & Rodahl, 1986). The
 
maximal treadmill test is thus a more popular maximal
 
exercise test.
 
Prior to 1985, only two studies that utilized the
 
maximal treadmill test for testing individuals with MR
 
were reported in the literature. In one of the earliest
 
reported study, Bar-Or et al. (1971) tested 105 educable
 
mentally handicapped children, ages six to 15, with 32
 
age-matched non-MR children. Subjects were sequentially
 
assigned to three different treadmill walking protocols.
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Protocol A was a 2-min-stage progressive continuous test,
 
protocol B was a 3-min-stage progressive continuous test
 
and protocol C, a 4-min-stage progressive interrupted
 
test. Walking speed for all protocols was 5.6 km per hour,
 
with grade increments of 2.5% at the end of each stage.
 
The authors stated that "since all three procedures
 
yielded similar VO2max results (in a previous study), the
 
report will combine all data, irrespective of the protocol
 
used (pg. 109)". The report made no mention of the
 
criteria used for determining that VO2max is reached
 
during the test. A total of 24 subjects with MR (i.e. 15%)
 
did not complete the treadmill test. Causes for non-

completion were:
 
a) refused to walk (n=5)
 
b) refused to complete walk (n=12)
 
c) refused mouthpiece (n=3)
 
d) no coordination (or ataxia) (n=4)
 
The study indicated that the boys with MR had
 
significantly lower VO2max values than non-MR peers.
 
Although the girls with MR had slightly lower VO2max
 
values, there was no significant difference between them
 
and their non-MR peers. It should be noted that mean
 
VOomx values were computed on only 32% of the subjects
 
with mental retardation (15 girls and 19 boys). The mean
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IQs of the children (79.1 for the MR girls and 78.7 for
 
the MR boys) whose results were reported were on the high
 
side. Two interesting observations were made by the
 
authors:
 
a) Low IQ may be a contributing factor to
 
incompletion of the maximal test. Twenty-one
 
percent of those with an IQ less than 79 did not
 
complete the test compared to 7% with an IQ
 
greater than 80.
 
b) for subjects with MR, 60% of those living in
 
institutions did not complete the test compared to
 
10% incompletion by subjects living at home.
 
The children in this study, who had no previous experience
 
with treadmill walking, were given two to four minutes of
 
practice walking on the treadmill prior to actual testing.
 
The need for sufficient orientation and practice sessions
 
to allow for familiarization with the test demands and the
 
testing environment is a major concern when testing
 
individuals with MR (Fernhall et al., 1988; Reid, Seidl &
 
Montgomery, 1989). Experience has shown that even
 
inexperienced non-handicapped individuals take quite a
 
while to be comfortable with the set-up of a maximal test.
 
Walking or running on a treadmill that is continuously
 
moving can be a very stressful experience for the
 
individual with MR. Levey et al. (1990) have cautioned
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that "many individuals with MR may perceive the laboratory
 
setting as frightening and will be apprehensive to
 
run/walk on the treadmill, wear headgear and electrodes,
 
and breathe through a respiratory collection system (pg.
 
280)". The incidence of incompletion in Bar-Or et al.'s
 
study (1971) certainly indicated that two to four minutes
 
of practice is not sufficient. In addition to the lack of
 
information concerning criteria for attainment of VO2max,
 
it would be more appropriate that the VO2 value obtained
 
in this study be considered as peak VO2 (i.e. the highest
 
oxygen consumption value measured during the test) and not
 
VO2max as reported. It is questionable that the VOA=
 
values reported truly reflect the maximal oxygen
 
consumption of the subjects tested. It is also difficult
 
to understand why mean VO2 values were computed for only
 
32% of the subjects. As noted, the VO2 values were
 
reported for MR subjects with higher IQs. Considering that
 
the researchers have observed that subjects with low IQ
 
tended not to complete the test (possibly because of low
 
level of motivation, low tolerance for exercise-induced
 
discomfort and pain and/or decreased level of cognition
 
with regards to requirements of the test), could it be
 
possible that those with low IQ who did complete that test
 
would also tend to have lower VO2 values?
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Andrew, Reid, Beck & McDonald (1979) reported a study
 
designed mainly to determine physical trainability of
 
adults with educable MR. A maximal treadmill test was used
 
to determine training effect on CVF after 12 weeks of
 
training. A modified Balke protocol (1959) was used:
 
initial warm-up period was two minutes at 3 mph and 0%
 
grade; the slope was increased to 5% and then 2%, each two
 
minutes thereafter. Test termination was determined either
 
by subject exhaustion or when the subject reached a
 
predicted maximal heart rate corrected for age. It should
 
also be noted that subjects were connected to the
 
mouthpiece at "periodic intervals and steadily for the
 
final 3 to 4 minutes of the treadmill work (pg. 290)". A
 
total of nine male subjects with MR made up the exercise
 
group while eight subjects, including a female subject,
 
made up the referenced group (i.e. "those who chose not to
 
participate or started with the exercise group but dropped
 
out after a few sessions (pg. 290)"). No information about
 
the degree of mental retardation of the subjects were
 
provided. Mean pre-training VO2max for the referenced male
 
& exercised males was 41.5 ml.kg-l.min-1 and 38.0 ml.kg-1.
 
min-1 respectively; while post-training VO2max was 36.4 ml
 
kg-1 min-1 and 40.9 ml.kg-l.min-1 respectively. The 9%
 
decline in post VOotax for the referenced group and 12%
 
increase for the exercise group were reported to be not
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significant. For the single control female subject, the
 
pre and post-training VOA.= value was about 43.6 ml. kg-1.
 
min-1 and 25.7 ml.kg-l.min-1 respectively. It must be
 
pointed out that the exercise group most likely consisted
 
of subjects who were more highly motivated than the
 
referenced group, which consisted of dropouts from the
 
program. It is also not known if the dropout group had
 
more subjects with lower IQ than the exercise group. It
 
would be helpful if information was provided to indicate
 
if there was a difference in the criteria for test
 
termination between the two groups. Once again the term
 
'peak VO2' would definitely be more appropriate than
 
VOA= when one considers the tremendous intra-subject
 
variability in the individual pre and post VOA= values
 
reported. The significant decline in the post-VOA.= value
 
(within a period of 12 weeks) reported for the female
 
subject demonstrates very clearly the difficulty of
 
interpreting the "true" CVF of individuals with MR from
 
maximal exercise tests. The question of whether the low
 
post- VO2max obtained for the female subject reflected a
 
lack of motivation is a very valid one.
 
Another factor that might have caused the decline in
 
the referenced group's measured V02 values is the lack of
 
familiarization and experience with the testing
 
environment. All the subjects were provided with two
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different practice sessions before the actual pre-training
 
maximal test. After this pre test, subjects in the
 
Exercise group visited the laboratories for a total of six
 
to eight times and were also tested twice with the PWC170
 
test on a cycle ergometer. The referenced subjects were
 
only brought back to the laboratory 12 weeks later. It
 
would not be too surprising that the testing environment
 
was, once again, a strange and stressful setting for the
 
referenced subjects.
 
From 1979 to 1985, there was hardly any report on
 
testing individuals with MR maximally on the treadmill.
 
Most of the studies that evaluated the CVF fitness of
 
individuals with MR utilized submaximal testing procedures
 
and/or field tests of CVF.
 
Schurrer, Brammell & Weitman (1985) made direct
 
measurements of five adults with MR (three males and two
 
females) involved in a 26-week training study. A modified
 
Balke protocol was used for the treadmill test. The
 
results showed a very low pre-training mean VO2max value
 
of 27.2 ml.kg-l.min-1 for the male subjects and 23.9 ml-kg-1.
 
min-1 for the female subjects. These reported values were
 
significantly much lower than those reported for non-

handicapped individuals. In fact, these values are what
 
would be expected for individuals with heart disease
 
(Astrand, 1967; Pollock, Wilmore & Fox, 1984). However,
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post-training VO2max for the two male subjects increased
 
by about 67% to 45.9 ml.kg-1.mln-1, accompanied by a
 
decrease of about 2.7 kg in body weight for one subject
 
and 1.6 kg for the other. For the females, post-training
 
value VOA= was reported to have increased 26% to about
 
30.0 ma-kg-1.min-1, accompanied by a weight loss of 9.1 kg
 
for one subject, 4.7 kg for another and no difference for
 
the third subject. The researchers reported that absolute
 
VO2max values showed a mean 36% improvement with training
 
for the five subjects. However, this conclusion is very
 
misleading. It must be cautioned that because of the small
 
sample size involved, an extreme value(s) can mask the
 
truth of the data when the mean statistic is used. When
 
the data for each subject is considered individually, the
 
following shows the actual percentage improvement in
 
absolute Womax:
 
a) male subject #1  - 96.1%
 
b) male subject #2  - 39.9%
 
c) female subject #1 - 0.67%
 
d) female subject #2 - 40.6%
 
e) female subject #3 - 17.7%
 
It is thus very clear that the individual differences in
 
percent absolute VO2max improvement were not close to the
 
average 36% reported for two of the female subjects.
 
Although subjects were allowed one familiarization
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practice, the pre-training VO2max values were not
 
verified. Pitetti & Campbell (1991) have cautioned that
 
the large increases in CVF seen over the 26 weeks could be
 
due to motivational factors related to unfamiliarity with
 
test protocol during the pre-test rather than improvements
 
in fitness level. Considering that one of the male
 
subjects showed a 96.1% increase in absolute V02,max, it
 
is difficult to attribute this to physiological
 
mechanisms. Like Andrew et al.'s study (1979), the extreme
 
fluctuations in absolute and relative V02 scores may more
 
accurately represent changes in motivation rather than
 
physiological functioning (Seidl et. al., 1987).
 
In a first ever attempt by a study to develop
 
techniques that would allow for more valid maximal graded
 
exercise testing of adults with MR, Fernhall & Tymeson
 
(1987) tested eight male (mean IQ 46.9, mean age 28.3) and
 
nine female (mean IQ 57.7, mean age 30.2) adults with MR.
 
A modified Balke protocol was used for the treadmill test.
 
This study was divided into three phases. Phase 1
 
consisted of one or more familiarization sessions in the
 
laboratory while phase 2 involved training sessions on the
 
treadmill while breathing through the respiratory
 
collection system. Phase 3 was the actual treadmill test.
 
Four subjects could not be tested even though two
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familiarization phases were introduced and thus had to be
 
excluded from the study. The researchers reported that
 
three out of the four excluded subjects were men with very
 
low IQs (< 25) who refused to walk on the treadmill. This
 
problem was almost similar to that in Bar-Or et al.'s
 
study (1971). Mean VO2max for the males and females was
 
29.3 ml.kg-l.min-1 and 26.7 ml.kg-l.min-1, respectively.
 
These low VO2max values were similar to those reported by
 
Schurrer et al.(1985). Once again, it is very difficult to
 
interpret the results of this study. The standard
 
deviation of the mean weight reported was extremely high
 
for both male and female subjects: 11.3 kg for the males
 
and 17.8 kg for the females. The standard deviation of the
 
mean IQ was 11.9 and 18.3 for males and females
 
respectively. It is difficult to generalize the results of
 
this study when it is clear that this was a heterogenous
 
group. It was also reported that the slightly lower mean
 
maximal heart rate (HR) was in part due to a poor
 
chronotropic response by two of the female subjects. It is
 
highly possible that a few extreme low values may have
 
also caused the low mean relative VO2max values reported
 
for both groups. Fernhall & Tymeson (1987) maintained that
 
the VO2 measures obtained were indicative of maximal
 
values because all subjects, except one, exhibited a RER
 
(respiratory exchange ratio) value greater than 1.00.
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Subjects were also able "to produce supramaximal work and
 
showed a decline in VO2 during the last minute of
 
exercise (pg. 364)". The mean RER value for the males was
 
1.12 (s.d. + 0.09) and 1.07 (s.d. + 0.03) for the females.
 
Recent research has indicated that a RER value of 1.1 is a
 
better criteria for determining that maximal oxygen uptake
 
is achieved (McArdle et al., 1991). A RER value of 1.07 is
 
certainly a little below the generally acceptable 1.1
 
value.
 
In trying to explain the lower than average maximal
 
HR obtained for male (175 bpm) and females (168 bpm)
 
subjects, Fernhall & Tymeson suggested that it could be
 
that adults with MR have an inherently lower maximal HR
 
response compared with non-MR adults. The low VO2 values
 
may thus be a function of the lower maximal HR since this
 
limits the maximal cardiac output.
 
The subjects tested in this study had rather low IQs,
 
and as noted by the researchers' difficulty with the three
 
subjects who had to be excluded, the degree of mental
 
retardation may have confounded the validity and
 
reliability of the VO2 elicited. Fernhall & Tymeson (1987)
 
should have repeated the testing to confirm the
 
reliability of the results obtained.
 
Fernhall & Tymeson (1988b) reported a second study
 
that utilized a maximal treadmill test to correlate
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performances on the 300-yard run and the 1.5 mile run with
 
VO2max. A modified Balke protocol similar to the 1987
 
study was used. Six men and 14 women with MR served as
 
subjects in this study. The mean age and IQ for the entire
 
group was reported to be 29.5 years and 60.1,
 
respectively. A single mean VO2max value of 28.1 ml. kg-1.
 
min-1 was reported for the male and female subjects. Once
 
again, the reported VO2max value is about 25% to 35% lower
 
than expected for non-handicapped individuals of the same
 
age. The researchers indicated that it was possible that
 
the low VO2max value was due to a less-than-maximal
 
effort, supported by a relatively low mean maximal heart-

rate (177.1 bpm). The researchers, however, pointed out
 
that the mean RER value of 1.16 suggested that maximal
 
efforts were elicited.
 
The result of this study is misleading because the
 
researchers chose not to separate the results for the male
 
and female subjects. The standard deviation for the 20
 
subjects for weight was 19 kilograms and for IQ was 20.
 
Clearly, this group of subjects was not a homogenous group
 
but one that varied tremendously in the degree of mental
 
retardation and body size. Inter-individual differences in
 
performance are lost when the data is collapsed together,
 
making it very difficult to interpret the result.
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Since 1989, Pitetti and co-workers have reported
 
several studies related to maximal VO2max testing of
 
adults with MR. In a semi-longitudinal study, Pitetti,
 
Jackson, Stubbs, Campbell & Batter (1989) compared the CVF
 
and percent bodyfat of two groups of non-Down syndrome
 
adults with MR (IQs ranging from 58 to 76) after four to
 
18 months of Special Olympics activities. Group 1
 
consisted of 13 male and 10 female subjects with IQ
 
ranging from 60 to 75, while Group 4 had five male and
 
three female subjects with IQ ranging from 58 to 66. Two
 
groups of age-matched trained (Group 2) and untrained non-

handicapped (Group 3) control subjects were used for
 
comparison of CVF level. The subjects with MR were tested
 
maximally on the treadmill and the Schwinn Air-brake
 
ergometer. Results indicated that the CVF of the male
 
subjects with MR would be classified as normal for their
 
age group but that the female subjects with MR exhibited
 
below normal CVF level (American Heart Association, 1972).
 
Another study (Pitetti & Tan, 1990) compared the
 
maximal oxygen capacity of 12 adults with MR (eight males
 
and four females) on the treadmill and the Schwinn Air
 
ergometer (SAE). An overall mean VO2max value (34.0 m1 kg''.
 
min-1) for the treadmill test was reported for the 12
 
subjects. Considering the difference in VO2max achieved by
 
male and female subjects in their earlier study (Pitetti
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et al., 1989), it is difficult to comprehend why the
 
VO2max values for the male and female subjects were
 
collapsed together into an overall mean value. It was
 
reported that at least one of the criteria, to evaluate
 
that maximal VO2was achieved, was attained by all the
 
subjects. The three criteria used were:
 
a) a decrease in HR at higher workloads,
 
b) no increase in HR at higher workloads, and
 
c) a RERroak value greater than 1.00.
 
Valid maximal criteria was thus felt to have been obtained
 
by the subjects (Pitetti & Tan, 1990). Interestingly, the
 
authors stated that the plateaus in HR (a criteria listed
 
above) observed in almost all their subjects during the
 
test could have represented a steady state rather than
 
maximal exertion. It was thus speculated that the limiting
 
factor to the maximal exercise might be peripheral (i.e.
 
muscle endurance) rather then central (ie. cardiac
 
output). The question of whether the term 'peak HR' rather
 
than 'maximal HR', like the issue of 'peak VO2' vs
 
'VO2max', is thus raised again when testing individuals
 
with MR.
 
The most recent study where a treadmill maximal test
 
was utilized is reported by Rintala et al. (1992). The
 
treadmill test was utilized to validate the 1-mile
 
Rockport Fitness Walking Test with 19 male adults with
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moderate MR. Three phases of preparing the subjects for
 
the treadmill test, similar to Fernhall & Tymeson's study
 
(1987), were used. A modified Balke protocol was used.
 
Subjects were exercised until volitional exhaustion,
 
and/or when RER value exceeded 1.1 and/or a heart rate of
 
at least 90% of predicted maximal HR (using 220 - age
 
formula) was achieved. Eleven out of the 19 subjects
 
fulfilled the 'levelling' off or 'plateauing' criterion of
 
VO2 increase of less than 150 ml. per minute with a 2.5%
 
increase in treadmill elevation at a constant speed. The
 
mean peak VO2 reported was 40.0 ml-kg-l.min-1. This is
 
considerably higher than the VO2max values reported by
 
Fernhall & Tymeson (1987, 1988). Rintala et al. (1992)
 
attributed the higher peak VO2values to a more active
 
lifestyle of the subjects used in this study. However it
 
must be remembered that in Fernhall & Tymeson's studies
 
(1987, 1988b), the mean VO2max values were computed by
 
combining male and female subjects' data. Rintala et al.'s
 
study is one of the very few studies that used the term
 
'peak VO2' instead of VO2max. In addition, the mean peak
 
HR for the 19 men was reported to be 182 bpm. Five of the
 
subjects had Down syndrome and their mean peak HR was
 
reported to be 173 bpm compared to the rest of the
 
subjects whose mean was 185 bpm. Pitetti et al. (1988)
 
have hypothesized that individuals with Down syndrome tend
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to have lower maximal HR values which could affect their
 
maximal oxygen uptake. Unfortunately Rintala et al. (1992)
 
did not provide peak VO2 data for the five subjects with
 
Down syndrome to support this hypothesis. Thus far, most
 
of the reported studies have not indicated if subjects
 
with Down syndrome were used, making it difficult to
 
determine if this hypothesis is true.
 
Cycling Ergometry Maximal Tests
 
An alternative laboratory procedure for determining
 
VO2max is via the cycling ergometer. Studies done with
 
trained athletes often show that maximal cycling ergometry
 
tests elicit a slightly lower VOA= value than treadmill
 
tests. Protocols established for such maximal testing
 
often require subjects to maintain a consistent pre­
determined cycling frequency. Ensuring that subjects with
 
MR maintain a pre-determined pedalling cadence has been
 
one of the most difficult aspects of maximal and
 
submaximal ergometry testing (Nordgren, 1970; Lavay et
 
al.,1990). This may explain the real dearth of research in
 
using maximal cycling ergometry tests with individuals
 
with MR.
 
Prior to 1989, there had been only one maximal
 
ergometry study using subjects with MR reported in the
 
literature. Maksud & Hamilton (1974) tested 62 "inner
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city" boys (ages 10 to 13) with educable MR on an
 
electrically braked bicycle ergometer. A total of 24 10-11
 
year old boys (mean IQ 69.7) and 38 12-13 year old boys
 
(mean IQ 69.3) made up the subject pool. Subjects started
 
the ergometry test with an initial work load set at 50
 
watts for five minutes, at a pedalling frequency
 
maintained at 60 to 70 revolutions per minute (RPM). A
 
five minute rest followed this initial load and the second
 
workload, 75 watts, was also maintained for five minutes.
 
At the end of the five minutes, the resistance was
 
increased by 10 watts each subsequent minute until the
 
termination of the test. "The termination point was
 
subjective exhaustion evidenced by an inability to
 
maintain pedalling frequency despite strong encouragement
 
(pg. 33)" (Maksud & Hamilton, 1974).
 
The peak VO2 reported was approximately 39.0 mlkg-1
 
min-1 for the 10-11 year olds and 38.8 ml.ke.min-1 for the
 
12-13 year olds. The peak HR was about 188 bpm and 186 bpm
 
for the younger and older subjects respectively. The lower
 
than average maximal heart-rates reported in this study
 
once again raised the issue of motivational levels of
 
subjects with MR during maximal testing. Although lower
 
maximal heart-rates are to be expected on bicycle
 
ergometry tests compared to treadmill tests, the reported
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peak heart-rates were 20-30% lower than expected. Fernhall
 
et al. (1988) postulated that:
 
a) the lower than average maximal heart rates reported in
 
this study suggest lower motivation and localized
 
muscle fatigue limiting cardiovascular capacities,
 
thus producing artificially low VO2 values, and
 
b) that individuals with MR have "inherently lower maximal
 
heart rates", which may be related to their
 
retardation, and thus they may have a cardiovascular
 
limitation of maximal oxygen uptake.
 
A possibility that learning and prior experience may
 
influence the validity of maximal testing was also
 
indirectly referred to by Maksud and Hamilton (1974). The
 
researchers pointed out that there was a statistically
 
significant difference in the maximal heart rates achieved
 
by subjects who had bicycles (or rode bicycles frequently)
 
compared to subjects who did not have bicycles. The
 
maximal HR was 10 beats lower for those who did not have
 
bicycles. It is quite clear that riding a bicycle is an
 
acquired skill with appreciable components of learning and
 
habituation (Seidl et al., 1987).
 
Since 1989, four other studies have reported results
 
from maximal cycling ergometry tests with individuals with
 
MR. Three of the four studies were reported by Pitetti and
 40 
co-workers. A Schwinn Air-Dyne ergometer (SAE) was used in
 
all the four studies.
 
In a 1989 study (Pitetti et al., 1989) subjects were
 
tested on the treadmill and the SAE (refer to earlier
 
discussion on treadmill studies). The protocol used for
 
the SAE test consisted of an initial workload of 50 watts
 
for the first two minutes, followed by increasing
 
workloads of 25 watts for every two minutes until
 
volitional exhaustion. The mean VO2max reported was 31.3
 
ml.kg-I.min-1 and 36.8 ml-ke.min-1 for the Group 1 (13
 
male, 10 female adults with MR) and Group 4 subjects (five
 
male, three female adults with HR), respectively.
 
Pitetti & Tan (1990) have also validated the use of
 
the SAE in assessing the aerobic capacity of individuals
 
with MR. The mean VO2max value obtained for the SAE test
 
was 33.9 ml.kg-l.min-1. The correlation coefficient between
 
the maximal oxygen uptake obtained by the treadmill test
 
and the SAE was 0.92.
 
The latest reported study by Pitetti & Tan (1991)
 
examined the pre and post VO2max values of 12 adults with
 
moderate MR after a 16 weeks minimally supervised exercise
 
program. The maximal SAE test protocol was almost similar
 
to the two previous studies except that the initial
 
workload for the female subjects was now 25 watts. The pre
 
and post VO2max value was reported to be 28.9 ml.ke.min-1
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and 30.9 ml-kg-l.min-1, respectively. It should be noted
 
that for all the studies reported by Pitetti and
 
co-workers, the mean VO2max value reported in each study
 
was a combined mean for all the male and female subjects
 
(except for one group in the 1989 study).
 
The only other maximal cycling ergometry study was
 
reported by Bennett, Eisenman, French, Henderson & Shultz
 
(1989). This study was designed mainly to study the effect
 
of a token economy on the exercise behavior of individuals
 
with Down syndrome. Three subjects were tested twice on
 
the SAE (two days apart) before the training program and
 
then once at the end of the training program. The training
 
duration was six to eight weeks, five days a week of 15
 
minutes pedaling on the SAE. The VO2max values obtained
 
were significantly lower than those obtained by Pitetti
 
and co-workers. It must be pointed out that the three
 
subjects in this study have significantly lower IQ levels
 
compared to most of the studies reviewed.
 
ISSUES AHD LIMITATIONS OF MAXIMAL EXERCISE TESTS
 
The evaluation of the CVF of individuals with MR
 
through maximal exercise tests has posed several issues
 
with regards to methodological limitations, and doubts
 
about the validity of reported results have been raised
 
very often (Lavay et al., 1990; Pitetti & Campbell, 1991).
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A common issue raised has been whether tests of CVF
 
validated with the general population are appropriate for
 
individuals with MR. The main factors that are of concern
 
include:
 
1. Interaction of degree of MR with protocols used
 
The greatest concern raised about maximal testing of
 
individuals with MR has been the appropriateness of
 
standardized test protocols and whether degree of
 
mental retardation (ie. IQ) is an interactive
 
confounding factor (Bundschuh & Cureton, 1982; Lavay et
 
al., 1990). The various reported studies have used
 
subjects with MR of varying IQs and the reported
 
VOgmxx results may be confounded by the degree of
 
MR of subjects. It is difficult to compare the results
 
of the various studies for a meaningful conclusion. It
 
has often been questioned whether subjects with MR
 
fully comprehend what is required of them during the
 
maximal exercise test. Bar-Or et al. (1971) have
 
suggested that IQ may be a contributing factor for the
 
inability of 15% of their subjects to complete the
 
treadmill test. Of those who refused to complete the
 
test, the highest incidence came from individuals with
 
IQ lower than 79. It is also quite clear from the
 
literature that individuals with MR generally have
 
lower than average VO2max values than the general
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population. Protocols that are designed for the highly
 
trained (or even the general population) are thus
 
inappropriate. For example, the starting speed on the
 
treadmill test (or initial workload on the cycling
 
ergometer) may be low for an individual without MR but
 
extremely high for an inexperienced subject with
 
moderate or severe retardation. Of all the most recent
 
treadmill studies reported, a modified Balke protocol
 
appears to be the most popular protocol used for the
 
treadmill. This protocol is appropriate for untrained
 
individuals as it starts at a low speed and the grade
 
elevation increment of the treadmill is quite gradual.
 
Interestingly, all the 4 most recent cycling ergometry
 
studies (Pitetti et al., 1989; Bennett et al., 1989;
 
Pitetti & Tan, 1990, 1991) have utilized the Schwinn
 
Air-Dyne ergometer (SAE). The SAE is an air-braked
 
ergometer that combines leg (pedalling) and arm (push/
 
push) work. Apparently, the use of the SAE avoids the
 
commonly cited problem of cadence adherence when
 
testing individuals with MR (Pitetti & Tan, 1990). It
 
has been reported that unlike the bicycle ergometer,
 
use of the SAE with individuals with MR presents
 
fewer problems with regards to subjects' ability to
 
maintain proper work loads (Pitetti et al., 1988a,
 
1988b; Pitetti et al., 1989). More importantly, Pitetti
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& Tan (1990) have done a validation study with subjects
 
with MR and reported a correlation of 0.92 between the
 
maximal treadmill and SAE test results. It is very
 
likely that future ergometry studies will utilize the
 
SAE for maximal aerobic capacity testing of individuals
 
with MR.
 
Although the Balke protocol and the SAE seem to
 
address the problems of testing procedure adherence,
 
maximal aerobic capacity testing of individuals with MR
 
is, unfortunately, still confounded by other factors.
 
2. Familiarization with test requirements
 
In order that direct measurements of VO2 capacity can
 
be made, subjects are required to breathe into a mouth
 
-piece throughout the test while walking/running on the
 
treadmill. Experience has shown that even inexperienced
 
non-handicapped individuals take quite a while to
 
be comfortable with this set-up. Walking /running on a
 
treadmill that is continuous moving can also be a very
 
stressful experience for the subject with MR. Lavay et
 
al. (1990) have cautioned that many subjects with MR
 
may perceive the laboratory setting as frightening and
 
will be apprehensive to run/walk on the treadmill, wear
 
headgear and electrodes, and breathe through a
 
respiratory collection system. The reasons that were
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cited by Bar-Or et at. (1971) for 15% of their
 
subjects' inability to incomplete the maximal treadmill
 
test included:
 
a) subjects' inability to walk on the treadmill,
 
b) refusal to breathe through the mouthpiece, and
 
c) lack of co-ordination when walking/running on the
 
treadmill.
 
It is thus very important that sufficient orientation
 
and practice sessions be provided for subjects with MR
 
to be familiar with the test before actual testing, if
 
valid and reliable results are to be obtained. It is
 
heartening to note that the more recent studies
 
(Fernhall & Tymeson, 1987, 1988; Rintala et al., 1992)
 
have incorporated at least three familiarization phases
 
within their research design prior to actual
 
testing. Future research should attempt to address this
 
issue and determine if more than two practice sessions
 
are necessary to elicit the true CVF capacity of
 
individuals with MR. It may also be possible that the
 
familiarization process is a function of age and degree
 
of MR.
 
A recently developed face mask can now replace the
 
traditional mouth-piece used for determining gas
 
exchanges during maximal exercise testing (Danhoff &
 
Dohmeier, 1992). This face mask appears to create less
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problems and fear among subjects with MR. Further
 
research is needed to determine if the use of this face
 
mask may facilitate maximal exercise testing of
 
individuals with MR and reduce the numerous problems
 
related to the breathing through a traditional mouth
 
-piece.
 
3) Degree of Motivation
 
The validity of the VO2max index obtained via maximal
 
exercise tests is based on the assumption that every
 
individual tested is performing to the best of his/her
 
ability. Maximal aerobic capacity performance thus
 
require a rather high degree of motivation and
 
tolerance for exercise-induced discomfort and pain.
 
Unfortunately, most researchers have often suggested
 
that subjects with MR lack such motivation and
 
tolerance, and frequently terminate the test before
 
achieving their true CVF capacities (Lavay et al,
 
1990). In Andrew et al.'s study (1979), the control
 
female subject with MR was reported to have a VO2max
 
value of 43.6 ml.kg-l.min-1 and 25.7 ml-kg-i.min-1 when
 
tested 12 weeks later. This significant difference in
 
the VO2max obtained for the same individual in such a
 
short time period demonstrates the difficulty of
 
interpreting the true CVF of subjects with MR. It is
 47 
unclear whether the lower value obtained in this study
 
reflected a lack of motivation or poor CVF fitness.
 
The issue of motivational level confounding the
 
validity of maximal test is further complicated by the
 
'termination of test by subjective exhaustion' criteria
 
- a criteria that is recognized as one factor for
 
determining that VO2max is reached. For example, in
 
Maksud & Hamilton's study (1974) the maximal HR
 
reported was not very high (about 187 bpm). It could be
 
possible that because the criteria used for termination
 
was "subjective exhaustion evidenced by an inability to
 
maintain pedalling frequency despite strong
 
encouragement", the lower HR may be indicative of lower
 
motivational level of the subjects. In all the studies
 
reported by Pitetti and co-workers, the sole criteria
 
for terminating the maximal treadmill and SAE test was
 
when subjects reached volitional exhaustion. Volitional
 
exhaustion was defined as the work level at which the
 
subjects felt that they could no longer continue. Such
 
a criteria for determining that VO2max has been
 
achieved is thus almost totally dependent upon the
 
subject's willingness to carry on with the test, not
 
because physiological capacities have been reached. It
 
must thus be recognized that motivational problems are
 
accentuated with subjects with MR and are more
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pronounced with increased levels of retardation (Dunn &
 
Fait, 1989; Fernhall et al., 1988).
 
RUNNING AND WALKING FIELD TESTS OF CARDIOVASCULAR FITNESS
 
300 and 600 Yard Run Tests
 
Some of the earliest investigations (Brace, 1961;
 
Stein, 1965; Sengstock, 1966) that evaluated the CVF of
 
children with mental retardation (MR) generally used the
 
600 yard run test. The 600 yard run test was a test item
 
in the original AAHPERD Youth Fitness Test designed for
 
the non-MR population. Results indicated that the mentally
 
retarded children tested were generally below the national
 
norm for non-MR peers (Stein, 1965).
 
In 1968, Rarick modified the AAHPER Youth Fitness
 
Test and developed the AAHPER Special Fitness Test for the
 
educable mentally retarded. The norms for the Special
 
Fitness Test were derived from a pilot study conducted
 
with 4,235 children with educable MR across the United
 
States (Rarick, Widdop & Broadhead, 1970). The 600 yard
 
run test was changed to a 300 yard run test in the pilot
 
study. According to the researcher, the 300 yard run was
 
long enough to tax the endurance of the retarded children
 
and was not as great a motivational problem as the longer
 
600 yard run.
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Londeree and Johnson (1974) tested 606 boys and 499
 
girls with trainable MR with the Special Fitness Test and
 
reported that as high as 43% of the females and 40% of the
 
males did not participate or complete the 300 yard run
 
test. Norms were developed for children with trainable MR
 
based on this study (Johnson & Londeree ,1976).
 
Although these two studies (Rarick et al., 1970;
 
Londeree & Johnson, 1974) had rather large sample sizes,
 
it was most unfortunate that no attempt was made to
 
validate the 300 yard run to determine it's validity and
 
reliability as a CVF test (for the 2 populations of
 
children with mental retardation) before including it as a
 
test item in the Special Fitness Test. By virtue of being
 
a test item in a nationally adopted fitness test battery
 
(i.e. the AAHPERD Special Fitness Test), the 300 yard run
 
has been widely used to evaluate the CVF of children and
 
adults with mental retardation (Coleman & Whitman, 1984;
 
Wang & Eichstaedt, 1980) when it was in fact not
 
established if the test was truly measuring what it
 
claimed to measure. One could question whether the 300
 
yard run was chosen merely because it ensures test
 
completion by subjects. It would seem that Rarick et al.
 
(1970) were more concerned with the motivational
 
requirement of the 300 and 600 yard run tests than the
 
validity of these tests. The validity of the 300 and 600
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yard run test used with children with MR has yet to be
 
determined, although it has been in use for the past 21
 
years.
 
The ability of the 600 yard and 300 yard run tests to
 
provide an accurate and valid indication of CVF has been
 
questioned by many because of the relatively short
 
distance and the time required to complete the runs. From
 
studies conducted with non-MR children, Bolonchuk (1971),
 
Smith (1972), Jackson (1975) and Docherty and Collis
 
(1976) concluded that the 600 yard run was a test of
 
muscular and anaerobic work and not aerobic work as
 
claimed. In a study that correlated 55 non-MR subjects'
 
performance on the 300 yard run with the PWC170 test,
 
Docherty and Collis (1976) reported a correlation
 
coefficient of -0.058. It was concluded that the 300 yard
 
run was "not a valid measure of aerobic capacity but
 
dependent upon speed, and in particular, leg power (pg.
 
37)".  In addition, it was noted that "there is some skill
 
involved in "pacing" these (12 minute and 1,5 mile run for
 
time) tests (pg. 37)".
 
In the AAHPERD Special Fitness Test (1976), the norms
 
established for the 300 yard run range from 1:47 minute at
 
the 15th percentile for eight year old boys to 0:49 min at
 
the 85th percentile for 18 year old boys. It has been long
 
established that during the onset of any intense exercise,
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energy for sustaining the exercise during the first two to
 
three minutes is predominantly supplied by the anaerobic
 
energy system (Astrand & Rodahl, 1986). If the time taken
 
to complete the run is less than two minutes, as proposed
 
by the norms, it seems reasonable to argue, from a
 
physiological standpoint, that the 300 yard run is more of
 
a speed test that taxes the anaerobic lactacid energy
 
system and not the aerobic energy system as claimed.
 
Baumgartner & Horvat (1991) have reported that the time
 
taken by 36 children with mild and moderate retardation
 
(ages 12 to 14) to complete the 300 yard run was under
 
three minutes; while another 20 children (ages 9 to 14)
 
took less than six minutes to complete the 600 yard run.
 
To date, there is only one reported study that has
 
attempted to validate the 300 yard run for adults with MR.
 
Fernhall & Tymeson (1988b) reported a correlation of -0.71
 
between the 300 yard run and VOosax. It was concluded
 
that, independent of body height and weight, the 300 yard
 
run was not sufficiently valid in predicting maximal
 
aerobic capacity. The result of this study must be
 
interpreted with caution. The conclusion of low
 
correlation was arrived at by combining male (n=6) and
 
female (n=14) results. Fernhall & Tymeson (1986)
 
themselves have shown that there is a significant
 
difference in the correlation coefficients between
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walk/run tests and VO2max for males and females. It is
 
difficult to comprehend why the effect of gender was
 
ignored in this particular study. It should also be
 
pointed out the standard deviation of mean weight and IQ
 
for the 20 subjects was 42.5 lbs and 19.3 respectively.
 
This group of subjects was certainly not a homogenous
 
group. It is difficult to generalize the result of this
 
study when the subject pool is such a heterogenous one.
 
Baumgartner and Horvat (1991) have 'concluded' that
 
their study showed that the 300 and 600 yard run tests are
 
not valid measures of CVF for children and youths with MR.
 
This conclusion is misleading because the study was not a
 
validation study. The study did not correlate the
 
performance of the runs to any other predictor or maximal
 
test of aerobic capacity. Based on low inter-trial (two to
 
four trials) reliability coefficient of test scores for
 
each run test, the researchers inferred from Fernhall &
 
Tymeson's study (1988) to arrive at the conclusion of
 
invalidity. It is recognized that the validity of the 300
 
and 600 yard runs is questionable but a low reliability
 
coefficient of a test, by itself, does not necessarily
 
mean that the test is not valid. A test that is valid
 
should also be reliable, but reliability alone does not
 
confirm validity.
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The reliability of the 600 and 300 yard runs has been
 
investigated by numerous studies using non-MR subjects
 
(Falls, 1966; Doolittle & Bigbee, 1968; Crawford & Mason,
 
1974; Docherty & Collis, 1976). Results of these studies
 
showed that the reliability of the 300 and 600 yard runs
 
is low. The recent study by Baumgartner & Horvat (1991) is
 
the first to determine the reliability of the 300, 600 and
 
880 yard run tests for children and youths with MR.
 
Reliability coefficients of 0.47, 0.63 and 0.84 were
 
reported for three groups tested on the 300 yard run. For
 
the 600 yard run, reliability coefficients of 0.25 and
 
0.69 were reported for two other groups of children.
 
Reliability coefficients of 0.49, 0.75 and 0.94 were
 
obtained for three other groups tested on the 880 yard
 
run. It was noted that while there were inconsistencies of
 
subjects' performance from trial to trial, there was no
 
pattern as a group in the inconsistency. The researchers
 
concluded that "one trial of distance run tests of 300 to
 
880 yards may be reasonably reliable for rank ordering
 
subjects in terms of scores on the test" (Baumgarter &
 
Horvat, 1991, pg. 113). It should be noted that there are
 
some serious limitations to interpreting the results from
 
this study. Firstly, the groups tested were not matched in
 
degree of mental retardation. Some groups were either
 
composed of mildly or moderately MR children while some
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groups were a mixture of both. Male and female subjects
 
were also combined in some groups but not in others. Also,
 
the ages of the children varied from group to group. These
 
3 different tests were conducted by different physical
 
education teachers. Which run test (300, 600 or 880 yards)
 
was conducted depended entirely on the physical education
 
teachers responsible for the various groups, presumably
 
from different schools. It would not be surprising that
 
the actual procedures for selecting and administering the
 
run tests varied from group to group. Crawford & Mason
 
(1974) have shown that introducing innovations and
 
variations to motivate non-MR subjects in the 300 yard run
 
can result in an increased in the reliability coefficient
 
from 0.42 to 0.82. It is reasonable to speculate that the
 
different groups in Baumgartner & Horvat's study received
 
different degree and types of motivational incentives
 
during the tests. The degree of motivation of MR subjects
 
to perform to their true capacity has, once again, become
 
an issue when trying to interpret CVF test results
 
(Bundschuh & Cureton, 1982; Reid et al., 1989; Seidl et
 
al., 1987; Lavay et al., 1990).
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880-Yard Run Test
 
Besides the 300 and 600 yard runs, the 880 yard run
 
test has also been used. The times taken by 25 children
 
with MR (Baumgartner & Horvat, 1991) to complete the
 
distance ranged from 3.0 to 9.0 minutes for one group of
 
10 male and female subjects with moderate MR (ages 15 to
 
18); and 4.0 to 15.0 minutes for the another group of 15
 
males with moderate MR (ages 12 to 14). It is unclear if
 
the difference in the completion times of the two groups
 
is affected by the age difference between the two groups.
 
The reliability of the 880 yard run was 0.49 and 0.94 for
 
the former and latter group respectively. The researchers
 
stated that the unacceptable low reliability of 0.49 was
 
"probably not representative of reliability values
 
typically obtained because the group was so uncooperative
 
(pg.111)".
 
The only other study that has determined the
 
reliability of the 880 yard run test was reported by
 
Pizarro (1990). It should be noted that the 880 yard run
 
test was modified from a 9-minute run test in this study
 
because 50% of the subjects with MR tested in the first
 
stage of the study failed to complete the 9-minute
 
run/walk for distance. Reliability scores were fair (0.75)
 
for non-MR subjects, good (0.80) for subjects with
 
educable MR and excellent (0.90) for subjects with
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trainable MR. Interestingly, this is the only reported
 
study to include a performance checklist that formally
 
documented subjective data regarding deviations in test
 
procedures by subjects. Although the reliability
 
coefficients were fair-to-excellent for the subjects with
 
MR, Pizarro (1990) reported that they were misleading
 
without referring to the data from the performance
 
checklist. Procedural deviations in the 880 yard run were
 
extremely high. Poor pacing represented the greatest
 
percentage deviations. This study is important for it
 
represents the only attempt at quantifying and describing
 
some of the performance behaviors during a distance run
 
test. It also supports Koh & Watkinson's (1988)
 
recommendation that an appropriate pacing system should be
 
used when testing individuals with MR on walk/run field
 
tests.
 
6 and 9 Minute Run Tests
 
Richstaedt, Wang, Polacek & Dohrmann (1991) have
 
tested 1,129 individuals with MR (ages 6 - 21; mild,
 
moderate and down syndrome subjects) and developed
 
percentile norms for a battery of physical ability test
 
items. The 6-minute run test was used with 6-11 year olds
 
while the 9-minute run test was used for the 12 years and
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older subjects. These two timed-run tests were used
 
because the researchers were of the opinion that the 300
 
and 600 yard run tests were inappropriate based on earlier
 
work (Eichstaedt & Wang, 1985). The mean distance
 
completed for the 6 and 9 minute runs are listed below:
 
Mild  Moderate  Down-syndrome 
MALES 
6 min. Run  1157.56 yds  867.94 yds  752.77 yds 
9 min. Run  1605.64 yds  1474.76 yds  1073.29 yds 
FEMALES 
6 min Run  1127.64 yds  768.65 yds  613.50 yds 
9 min Run  1405.34 yds  1255.71 yds  1163.40 yds 
There has been no other report in the literature that has
 
used these two run tests, except for Pizarro's report
 
(1990) that the 9-minute run was found to be inappropriate
 
and had to be replaced by a 880 yard test in his study. It
 
is thus difficult to determine if these are valid tests.
 
Interestingly, this is the only field study to separate
 
subjects with Down-syndrome from the two main
 
classification of MR, namely mild and moderate
 
retardation. The result of the mean distance run in the
 
two timed tests seems to indicate that Down-syndrome
 
individuals tend to have CVF levels that are lower than
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mildly and moderately MR individuals. Pitetti et al.
 
(1988) have hypothesized that because individuals with
 
Down-syndrome tend to have an inherently low maximal heart
 
rate, the CVF levels of such individuals is thus due to
 
physiological and anatomical limitations. More research
 
needs to be done to confirm the validity of the 6 and 9
 
minute run, as well as investigate Pitetti et al.'s
 
hypothesis.
 
The Canada Fitness Award - Adapted Endurance Run
 
The Canadian Association for Health, Physical
 
Education and Recreation has, since 1983, introduced its
 
own Canada Fitness Award (CFA) - Adapted for the trainable
 
mentally handicapped (1985). The CVF test item in this
 
battery of tests consists of three different distances for
 
three different age groups:
 
600 meters for 7 to 9 years,
 
1,200 meters for 10 to 12 years, and
 
2,000 meters for > 13 years.
 
Once again, it must be stated that the above distances are
 
now part of the CFA-Adapted Format test although their
 
validity and reliability have not been formally
 
established.
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Findlay (1981) has reported test incompletion rates
 
of 57% and 64% for 8-year-old girls and boys respectively;
 
and 71% and 83% for 15 year-old girls and boys,
 
respectively. Many researchers have expressed concern that
 
the degree of motivation, as well as the cognition of an
 
appropriate pace required to complete a distance run, is
 
directly related to the distance itself (Rarick et al.,
 
1970; Londeree & Jackson, 1974; Lavay et al., 1990).
 
Researchers are thus faced with a serious dilemma. If
 
distances of running tests were too short (e.g. 300 and
 
600 yards), their validity as measures of CVF is
 
questionable. However, when the distance was increased to
 
ensure that it was the aerobic capacity that was being
 
taxed, most subjects with MR were unable to successfully
 
complete the runs (Findlay, 1981; Lavay et al., 1990)).
 
Koh & Watkinson (1988) and Watkinson & Koh (1988)
 
have attempted to address these issues by minimizing, to a
 
certain degree, the confounding factors of motivation and
 
appropriate pacing. A pacing protocol was introduced in
 
their study to determine the effect of pacers on the
 
completion rates and time taken to complete 1,200m and
 
2,000m by 16 trainable mentally handicapped subjects. The
 
pacing protocol, based on individual times on unpaced
 
runs, was designed to keep motivation levels high. The use
 
of pacers reduced the need for handicapped subjects to
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plan their runs. Result from this study indicated that not
 
only do more subjects complete the distance with a pacer
 
but that the time taken by each subject to complete also
 
improved. This is the only reported study to demonstrate
 
the importance of a pacing system and the positive effects
 
that pacers have upon the ability of subjects with MR to
 
complete longer distance runs. Controlling for possible
 
confounding factors may increase the validity of running
 
field tests as measures of CVF.
 
Watkinson & Koh (1988) have also presented heart-rate
 
(HR) response data of the two groups of subjects with
 
trainable MR (mean ages 11.6 and 16.0) tested on the 1,200
 
meters and 2,000 meters. Results indicated that more than
 
80% and 74% of the HR recorded during the run for the
 
younger and older subjects, respectively, were greater
 
than 160 bpm. Mean maximal HR during the run, 192.9 bpm
 
and 185.5 bpm respectively for the two groups, were
 
similar to those reported for children, with and without
 
MR, tested in maximal laboratory tests (Bar-Or et al.,
 
1971; Maksud & Hamilton, 1974; Ericksson & Saltin, 1974).
 
It was argued that since high intensity levels were
 
sustained for a relatively long period during the run, the
 
subjects were thus performing at or near maximal CV
 
capacities during the run. The runs were thus  very close
 
to a maximal oxygen consumption test for the subjects. The
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number of subjects (n= 16) used in this study is, however,
 
too small to allow for generalization.
 
The 1.5 mile and Cooper 12 minute Malk-Run Tests
 
Two other run /walk field tests that have been used
 
with adults with MR are the 1.5 mile run (Fernhall &
 
Tymeson, 1986, 1988b) and the Cooper's 12-minute walk/run
 
test (Beasley, 1982; Depauw, Hiles, Mowatt & Goc-Karp,
 
1985; Lavay, Giese, Bussen & Dart, 1987; Cressler, Lavay &
 
Giese, 1988; Depauw, Goc-Karp, Bolsover, Hiles & Mowatt,
 
1990).
 
The 1.5 mile test was the first walk/run field test
 
to be validated with adults with MR (Fernhall & Tymeson,
 
1986). Correlation coefficients of 0.55 (17 female
 
subjects) and 0.88 (9 male subjects) were reported between
 
the 1.5 mile test and laboratory measured VO2max values.
 
The researchers cautioned that because the correlation was
 
rather low for the females and that the sample size for
 
males was small, it would be inappropriate to assume
 
validity for this test. Indiscriminate use of this test
 
with adolescents and adults with MR was thus cautioned. It
 
is not clear if pacers were used in this study.
 
Fernhall & Tymeson (1988) reported a second
 
validation study of the 1.5 mile run test with 20 adults
 
with MR (six males and 14 females). Pacers were used to
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help minimize poor motivation during the run. The
 
correlation between VOA= and the 1.5 mile run was -0.88.
 
It was thus concluded that the 1.5 mile run appears to be
 
a valid indicator of CVF for adults with MR. As mentioned
 
earlier, one needs to be very careful about accepting this
 
conclusion because the result was arrived at by combining
 
the male and female subjects' performances. In light of
 
the earlier study (Fernhall & Tymeson, 1986), it would
 
seem that the "true" correlations for male and female
 
performances were "modified" in this study.
 
The Cooper 12 minute walk-run has been validated and
 
reported to be a reliable test of CVF for the general
 
population (Cooper, 1968; Doolittle & Bigbee, 1968). This
 
test has not been validated for the MR population. In
 
recommending the 12-minute walk/run test, Cooper (1968)
 
himself pointed out that his study indicated that "in
 
young, well-motivated subjects, the test can provide a
 
good assessment of maximum oxygen consumption. But the
 
accuracy of the estimate is related directly to the
 
motivation of the subjects (pg. 137)".
 
Depauw et al. (1985) tested nine subjects with MR
 
with the 12-minute test and reported that the subjects
 
were at the 5th percentile of the norms. The researchers
 
questioned the validity and reliability of the 12 minute
 
walk-run test individuals with MR because of the
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perseverance and motivation required in a true, all-out
 
effort during the test. Lavay et al. (1987) have also
 
reported that the 12 minute walk-run test was very
 
difficult to administer to subjects with MR in their
 
study. The proper pacing required to sustain a running
 
effort for the 12 minute proved to be a very abstract
 
concept for the MR subjects (six adult men) who had to
 
plan their own runs. A significant difference was reported
 
between three predictor VO2max tests, ie. the modified
 
Balke-Ware treadmill test, the 12 minute walk-run test and
 
the Astrand bicycle ergometer prediction test, used in the
 
study (Lavay et al., 1987). The 12 minute walk-run had the
 
lowest VO2max prediction value when compared to the other
 
two predictor tests. As noted by the researchers, the
 
result must be interpreted with caution because a true
 
maximum VO2max test was not administered.
 
The reliability of the 12 minute walk-run has been
 
reported to be 0.81 for 17 adults (15 men and two women)
 
with MR (Cressler et al., 1988). Pacers were used in this
 
study. It would thus appear that the high reliability
 
coefficient obtained was due, in part, to the use of
 
pacers for the pre and post test runs. It is reasonable to
 
speculate that the predicted VO2max obtained for the 12
 
minute walk-run in Lavay et al.'s study (1987) would be
 
much higher if pacers were also used.
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The Rockport Fitness Walking Test (RFWT)
 
A field test that is recently advocated for
 
evaluating the CVF of individuals with MR is the Rockport
 
Fitness Walking Test (Depauw et al., 1990; Rintala et al.,
 
1992). The Rockport Fitness Walking Test (RFWT) is a one-

mile walking test that has been reported to be valid for
 
the non-handicapped adult population (Kline et al., 1987;
 
Fenstermaker et al., 1992). Depauw et al. (1990) have
 
recommended that the RFWT is a good test for evaluating
 
the CVF of individuals with MR because walking is a
 
familiar activity that requires little preparation of
 
subjects for the test. The CVF level of 9 adolescents with
 
MR assessed by the one-mile RFWT was also higher than the
 
12 minute walk-run test (Depauw et al., 1990).
 
Rintala et al. (1992) have validated the one-mile
 
RFWT with 19 men with MR. Pacers were used in this study.
 
Results indicated that the correlation coefficients
 
between peak VO2 values and the one-mile walk time varied
 
between 0.78 to 0.83. The test-retest reliability was
 
0.97. It would thus seem that the one-mile RFWT, with
 
pacers utilized, is a valid and reliable test of CVF for
 
the 19 men with moderate MR.
 
More recently, Kittredge, Rimmer & Looney (1994)
 
reported a validation study of the one-mile RFWT for
 
adults with MR. Twelve males and 13 females with MR were
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tested in this study. Test-retest reliability of the one-

mile walk time indicated a correlation coefficient of
 
0.97. The high test-retest reliability of the walk times
 
must, however, be interpreted with caution. This was
 
because the researchers implemented a 40-seconds time
 
difference criterion between RFWT test 1 and 2. That is,
 
if subjects were unable to complete the second RFWT test
 
within 40-seconds of the first test, a third test was
 
conducted. According to the report, "the 2 times within
 
40-seconds of each other were then used in the data
 
analysis (pg. 96)". It would seem that the high test-

retest reliability of the walk time was thus "manipulated"
 
by the 40-seconds time-difference criterion. A second
 
major criticism of this study was that the validity of the
 
Rockport walk test for the group of subjects with MR was
 
tested against generalized equations derived by Kline et
 
al. (1987) for adults without MR. It was thus not
 
surprising that the report concluded that the prediction
 
equations overestimated the VO2peak and cardiovascular
 
fitness levels of adults with MR. This study thus provided
 
another example that generalized equations are population-

specific. More research needs to be done to determine if
 
the one-mile RFWT is valid and reliable for individuals
 
with MR of different ages, different degrees of mental
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retardation and gender. Generalized equations for
 
predicting the CVF of individuals with MR via the one-mile
 
RFWT must be derived, validated and cross-validated with
 
different populations of individuals with MR.
 
ISSUES AND LIMITATIONS OF RUNNING/WALKING FIELD TESTS
 
The interaction of the degree of mental retardation,
 
age, gender and level of motivation makes it very
 
difficult to determine the true validity and reliability
 
of walk/run field tests of CVF used with individuals with
 
MR. The need to be sensitive to the particular
 
characteristics of individuals with MR being tested cannot
 
be over-emphasized. The limited studies that have
 
attempted to validate walk-run field tests have used
 
subjects with varying degree of mental retardation, very
 
small sample sizes and indiscriminate grouping without
 
regard for gender differences. As evidenced by the various
 
studies, the validity and reliability of walk/run field
 
tests varies greatly with the population being tested, the
 
distance run and more importantly, whether pacers were
 
used. There is an urgent need to have better designed
 
studies that take all these factors into consideration.
 
The issues of motivation and cognition of the demands
 
of distance run tests have been raised in many studies and
 
the need for pacers to increase the validity and
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reliability of estimated CVF levels must be investigated.
 
The influence and confounding of a self-selected pace upon
 
performance have, until recently, been overlooked and
 
underestimated. Katch, Pechar, McArdle & Weltman (1973)
 
have proposed that running-cum-walking CVF field tests
 
are, in essence, uncontrolled submaximal exercise tests
 
where subjects may be performing in manners that are
 
inconsistent with their true aerobic capacity because of
 
pacing errors during the run. Corbin (1973) criticized the
 
ability of running/walking CVF field tests to provide an
 
accurate estimation of CVF, especially for children,
 
mainly because he was of the opinion that most children
 
have an inadequately developed concept of pacing. It is
 
difficult to compare results of past and recent studies
 
because pacers were used in some studies but not in
 
others. It would be worthwhile to examine if a walk/run
 
test that has a built-in pacing system, for example, the
 
20m multi-stage shuttle run test (Leger & Lambert,1982),
 
is a better CVF test for individuals with MR.
 
There is an urgent need to validate the various walk-

run field tests used with individuals with MR. Future
 
research should pay heed to Cooper's advice that to
 
achieve good results, the motivation level of subjects
 
must be kept high. Effective field testing with
 
individuals with MR requires that special attention be
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paid to the control of motivational factors as well as
 
provision of an appropriate pacing system. It is well
 
documented that individuals with MR lack the ability to
 
plan an appropriate pace during walk-run tests (Lavay et
 
al., 1990; Pizarro, 1990). It seem rather pointless to
 
continue testing individuals with MR on walk-run tests
 
where they have to plan their own runs and maintain a
 
certain level of 'motivation' intrinsically. Future
 
research should instead be directed at minimizing
 
extraneous factors (eg. motivation and pacing) that
 
confound the validity of the different field tests so that
 
better testing procedures can be recommended to ensure
 
better validity when these tests are used. Only then can
 
the evaluation of the CVF of individuals with MR be a
 
meaningful and worthwhile exercise.
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CHAPTER III
 
METHODS AND PROCEDURES
 
SELECTION OF SUBJECTS
 
The sample consisted of 40 healthy males with MR,
 
aged 12 to 17 year old. Only males were chosen for the
 
study because, from experience, it would have been very
 
difficult to obtain consent from Asian parents of females
 
with MR for any type of laboratory exercise testing. More
 
importantly, it was decided that using only one gender
 
group would protect the power of the statistical tool(s)
 
that would be applied to the findings of this study. For
 
clarity of results, only those males who did not display
 
any physical handicaps were selected. Those with any known
 
cardiovascular diseases/disorders were also excluded. This
 
selection criteria was used to avoid any possible
 
confounding of the results that might be attributed to any
 
of the mentioned factors.
 
The subjects for this study came from two special
 
schools for the intellectually disabled in Singapore.
 
Before subjects could be obtained for the study, the
 
purpose and procedures of the study were explained to the
 
principals of two special schools in Singapore. Once
 
approval was obtained from the principals to allow
 
students to participate in the study, potential subjects
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were then identified. From the two special schools, a
 
total of 98 male students were within the 12 to 17 age
 
band. From this potential pool, principals and teachers
 
contacted parents/guardians of students who had no
 
physical impairment(s) or known cardiovascular disorders
 
(information was available in students' medical files).
 
Letters explaining the study and testing procedures were
 
sent to parents/ guardians of the potential subjects to
 
seek consent for their children's participation in the
 
study. (Statement of Informed Consent of parents/guardians
 
and subjects are included in Appendix A and B.) Parents'
 
queries and concerns were directed to the investigator by
 
the school. Where necessary, meetings were scheduled in
 
the school for parents to meet the investigator to raise
 
any questions and/or concerns parents might have. No
 
information was available on the number of parents who
 
refused consent for their child/ward's participation. A
 
total of 45 students whose parents/guardians consented to
 
their participation were identified and referred to the
 
Ministry of Health's School Health Services division for a
 
medical examination (services provided free for school
 
students). Only those subjects certified medically and
 
physically fit by a medical doctor were included in the
 
study. Five of the 45 students were found to be medically
 
unfit and were thus excluded from the study.
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EQ1TIPMENT
 
All graded maximal treadmill exercise tests were
 
conducted in the Exercise Physiology laboratory at the
 
School of Physical Education, National Institute of
 
Education, Singapore. The equipment used included:
 
1. Sensormedics Metabolic Measurement Cart, Model 2900
 
Determination of oxygen consumption, carbon dioxide
 
exhaled and minute ventilation were determined by the
 
Sensormedics Metabolic Measurement Cart, Model 2900. The
 
metabolic cart was calibrated for mixing chamber gas
 
analysis prior to the start of data collection for each
 
subject.
 
2. Quinton Stress Test Monitor, Model Q4500 and Quinton
 
Blood Pressure Monitor, Model 412
 
Electrocardiography responses were recorded via a 5­
lead ECG set-up by the Quinton Stress Test monitor, Model
 
Q4500. Heart-rate responses were extrapolated from the ECG
 
recordings. Blood pressure readings during the GMTT were
 
automatically monitored every minute by the Quinton Blood
 
Pressure Monitor, Model 412.
 
3. Quinton Series 90 Treadmill (Model Q65)
 
The treadmill used for this study was a Quinton
 
Series 90 Treadmill (Model Q65). Speed and grade of the
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treadmill were calibrated prior to formal GMTT testing
 
sessions.
 
4. Hans-Rudolph Face Masks
 
Throughout the maximal exercise test, subjects
 
breathed through a Hans-Rudolph Face Mask. Depending on
 
their facial dimensions, two face mask models (Model 7952
 
Pediatric Large or 7944 Adult Small with T-shape valves)
 
were available for use with the subjects.
 
5. Polar Sport-tester Heart-rate Monitor
 
Heart-rate response during the Rockport one-mile walk
 
test was monitored via a Polar Sport-tester HR Monitor,
 
which is a short-range telemetry microcomputer system
 
(please refer to Definition of Terms, page 16).
 
DESIGN OF STUDY
 
The study consisted of three phases spread over four
 
to five consecutive weeks. The three phases included:
 
Phase 1: Familiarization to Testing Environment &
 
Equipment
 
During the first week, subjects were familiarized
 
with the testing environment of the one-mile RFWT and the
 
laboratory where the graded maximal exercise test was to
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be conducted. Subjects were introduced to the research
 
team and the various equipment to be used. Each subject
 
then wore a Sport-tester and walked a couple of laps
 
around the 400-meter outdoor track. In the laboratory,
 
subjects tried on the face mask that would be used for gas
 
collections. Demonstration was also provided by a
 
laboratory assistant on how to get on and walk on the
 
treadmill. Subjects were then requested to take a walk on
 
the treadmill at a low walking speed (between 2.5 to 3
 
miles per hour) without all the testing equipment (i.e.
 
face mask, Sport-tester etc),.
 
Subjects were brought back to the laboratory for a
 
second time during the week and repeated phase 1 of the
 
familiarization procedures.
 
Phase 2: Preliminary Testing
 
During the second week, subjects returned to the
 
track and laboratory and went through the initial
 
preparation procedures for testing. For the RFWT, subjects
 
were individually paced through the one-mile distance by
 
pacers. In the laboratory, subjects walked for about four
 
minutes on the treadmill where an appropriate starting
 
speed (between 2.5 to 3.0 mph) was then determined for
 
each subject after a few trials. After a short rest of
 
about 15 minutes, subjects were asked to go on the
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treadmill again and walked at the pre-determined speed
 
(with Sport-tester on but without the face mask). Subjects
 
walked for about two minutes at this speed. Three gradual
 
grade increments of 2.5 percent per minute-long stage
 
followed by a speed change of 0.2 mph (at the last stage)
 
were used to allow subjects to adjust and be familiar to
 
the changing condition(s) of the treadmill. A slow gradual
 
warm-down on the treadmill was provided at the end of the
 
treadmill exercise. Subjects were brought back a second
 
time during week 2 and repeated this portion of the
 
familiarization procedure with the face mask and the five
 
electrodes in place. Subjects who were unable to complete
 
the three treadmill grade changes, as well as the speed
 
change, were provided with two more familiarization
 
sessions. Those subjects who were unable to complete this
 
portion of the familiarization phase by week 3 were then
 
excluded from the graded maximal treadmill test.
 
Phase 3: Formal Testing Sessions
 
All 40 subjects were tested twice on the RFWT. The
 
one-mile RFWT was conducted once a week during week 3 and
 
4. The test was conducted in the morning on the same day
 
of week 3 and 4  .
 
Twenty-four subjects were tested twice on the graded
 
maximal treadmill test (GMTT). The GMTTs were conducted on
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week 3 and week 4, three to four days after the RFWT. For
 
those subjects who required extra familiarization
 
session(s) during phase 2, formal testing sessions took
 
place during weeks 4 and 5.
 
TESTING PROCEDURES FOR RFWT AND GMTT
 
The Rockport Fitness Walking Test (RFWT)
 
The one-mile RFWT test was conducted on the 400-meter
 
outdoor Mondo rubberized running track of the School of
 
Physical Education. The track was closed to all other
 
users during the testing sessions to avoid any
 
interferences or distractions.
 
Each subject wore a Polar Sport-tester HR monitor so
 
that heart-rate response data during the walk could be
 
collected. Subjects were tested twice over two consecutive
 
weeks at the same time (between 8:00 to 9:00 A.M.) on the
 
same day of the week. Resting heart-rate was taken after
 
subjects have sat quietly for about 10 minutes. After a 10
 
to 15 minute warm-up, subjects were instructed to "walk as
 
fast as possible around the track four times". Each
 
subject was paced by an adult pacer. Only two subjects
 
were tested at any one time. At the start, the two
 
subjects were positioned 150-meters apart on the track.
 
The adult pacer walked slightly ahead of the subject and
 
verbally encouraged the subject to keep walking (Koh &
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Watkinson, 1988; Watkinson & Koh, 1988; Rintala et al.,
 
1992). Pacers were instructed not to physically assist
 
subjects in any way except to provide verbal
 
encouragements. Pacers were rotated to walk with different
 
subjects throughout the testing sessions. Pacers paired
 
with subjects during test 2 were unaware of subjects' walk
 
times recorded during test 1.
 
Time-keepers recorded the lap times, as well as the
 
time taken to complete the walk and HR immediately at
 
completion of the RFWT. All other HR responses during the
 
walk were stored in the memory of the sport-tester and
 
then subsequently retrieved after the testing session.
 
Graded Maximal Treadmill Test (GMTT)
 
The graded maximal treadmill test (GMTT) was
 
conducted in the morning in the Exercise Physiology
 
laboratory. A room environment of 23 °C to 24°C was
 
maintained. Subjects were requested to avoid eating two
 
hours prior to the testing and be dressed in loose
 
comfortable exercise attire.
 
Subjects were asked to sit quietly for about 10
 
minutes when they entered the laboratory, after which
 
resting HR and EP were taken, followed by height and
 
weight measurements. Subjects were individually led
 
through an appropriate warm-up (stretching exercises and a
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moderately brisk five minute walk) by a research assistant
 
10-15 minutes prior to being tested maximally.
 
The maximal exercise test protocol used was a
 
modification of the Balke protocol and proposed to be
 
appropriate for testing individuals with MR (Fernhall &
 
Tymeson, 1987; Rintala et al., 1992). The test protocol
 
was individualized for each subject based on preliminary
 
testing and familiarization sessions. Subjects started the
 
GMTT with a walking speed of between 2.5 to 3.3 mph at 0%
 
grade for two minutes. Keeping the speed constant, the
 
grade was then increased to 2.5% for the next two minutes.
 
From this point, the grade was increased 2.5% every
 
minute. Beyond 20% grade, the speed was increased by 0.2
 
mph every minute. Termination of the GMTT was guided by
 
the guidelines (Appendix E) established by the American
 
College of Sports Medicine (1991).
 
Maximal oxygen consumption capacity was considered
 
to be achieved by subjects when one of the three following
 
criteria was met:
 
a) a levelling off or decrease in VO2 values with
 
increasing work-load, or
 
b) a peak respiratory exchange ratio (RERvmk) in
 
excess of 1.1, or
 
c) maximal HR above 90% of subject's age-predicted
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maximum heart-rate is achieved (based on 220 bpm ­
Age formula).
 
Determination of VO2max or peak VO2 values for each
 
subject was done by taking the average of the three
 
highest consecutive 20-second VO2 values recorded by the
 
Sensormedics metabolic cart.
 
During the GHTT, one laboratory research assistant
 
(LRA) was responsible for monitoring the metabolic cart as
 
well as operating the treadmill according to the
 
individualized protocol; another LRA was responsible for
 
monitoring heart-rate and blood pressure responses. A
 
third LRA was stationed in front of the subject to monitor
 
the proper placement of the face mask, subject's facial
 
and physical indications of physical exertion and fatigue
 
level, and to provide verbal encouragement and prompts. A
 
fourth LRA was positioned at the rear of the treadmill for
 
safety. The team of LRA was trained by the primary
 
investigator and constituted the research team for the
 
laboratory testing.
 
DATA ANALYSIS
 
Statistical analyses of the data collected was
 
performed using the STATGRAPHICS and EXCEL computer
 
software programs. Besides demographic data on the
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subjects, means, standard deviations and other descriptive
 
statistics were calculated for each of the dependent
 
variables. Time taken by subjects to complete the 2 RFWT
 
trials were compared and the intraclass correlation
 
coefficient (R) was computed to determine the test-retest
 
reliability of the one-mile RFWT. A correlation matrix
 
between the RFWT and GMT variables was also generated.
 
Multiple regression analysis was utilized to examine
 
the relationship between peak VO2 (or VO2max) and
 
dependent variables of the walk test (e.g. best walk time,
 
HR at completion corresponding to best walk time). An
 
alpha level of 0.05 was set for determining statistical
 
significance.
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CHAPTER IV
 
RESULTS
 
PROFILE OF SUBJECTS
 
The sample consisted of 40 subjects, including four
 
subjects with Down syndrome (DS). All the subjects went
 
through the familiarization and preliminary phases of the
 
RFWT and were able to complete the one-mile RFWT. The 40
 
subjects were tested twice on the one-mile RFWT. Of the 40
 
subjects, 24 (including two with DS) were able to
 
successfully perform the graded maximal treadmill test
 
(GMTT). These subjects were tested twice on the GMTT.
 
Sixteen subjects were excluded from the GMTT. Nine of the
 
16 subjects were excluded from the GMTT because they were
 
unable to stay on task (i.e. walk independently or
 
comfortably on the treadmill) despite repeated
 
familiarization practices. Another two subjects refused to
 
get on the treadmill while the remaining five subjects
 
were unable to cope with the change in treadmill grade and
 
speed after four practice sessions.
 
Table 1 presents the summary descriptive
 
characteristics of the subjects. Individual subjects' data
 
are presented in Appendix F.
 
The overall mean age of all the subjects was 14.13
 
years (sd ± 1.30) with a range of 12.08 to 16.58, while
 TABLE 1. SUMMARY OF DESCRIPTIVE CHARACTERISTICS OF SUBJECTS
 
AGE  (yrs)  IQ  (WISC-R)  Height  (cm)  Weight  (kg) 
Mean  S.D.  Mean  S.D.  Mean  S.D.  Mean  S.D. 
All Subjects 
(n = 40)  14.13  1.30  50.25  10.56  158.12  10.62  49.18  14.04 
RFWT Only
 
(n = 16)  14.02  1.50  44.88*  8.89  156.41  12.72  50.29  17.32
 
RFWT & GMTT
 
(n = 24)  14.19  1.16  53.83*  10.20  159.27  9.07  48.43  11.71
 
* "RFWT & GMTT" significantly higher than "RFWT only",  p < 0.05
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the overall mean IQ was 50 (sd + 10.56) with a range of 35
 
to 69. The overall mean height was 158.12 centimeters (sd
 
+ 10.62) with a range of 130.3 to 178.5 and the overall
 
mean weight was 49.18 kilograms (sd + 14.04) with a range
 
of 21.6 to 88.4.
 
Independent t-tests indicated there were no
 
significant differences between the mean age, height and
 
weight of those who performed the "RFWT only" versus those
 
who did both the "RFWT and MITT". There was, however, a
 
significant difference in the mean IQ between the two
 
groups. The mean IQ of those who performed the one-mile
 
RFWT only (mean 10=45) was significantly lower than those
 
who did both the RFWT & MITT (mean IQ = 54).
 
ROCKPORT FITNESS WALKING TEST PERFORMANCE
 
Reliability of the RFWT
 
Time taken by each subject to complete the one-mile
 
RFWT for both testing sessions are presented in Appendix
 
G. The heartrates immediately at the end of the RFWT (End-

HR) and the peak heart-rate achieved during the walk (W-

RRwald are also presented. Table 2 presents the mean
 
times, mean End-HR and mean
  pwak.
 
Paired t-tests indicated that, for the entire group
 
of 40 subjects, there were no significance differences
 TABLE 2. SUMMARY OF SUBJECTS' RFWT PERFORMANCES
 
TIME 1  TIME 2  END HR 1  END HR 2  MAX HR 1  MAX HR 2
 
(min)  (min)  (bpm)  (bpm)  (bpm)  (bpm)
 
Mean  S.D  Mean  S.D  Mean  S.D  Mean  S.D  Mean  S.D  Mean  S.D
 
All Subjects  15.12  2.23  14.97  2.34  165  18  168  17  174  17  175
  17
 
(n = 40)
 
RFWT Only
 
(n = 16)  16.79'  2.14  16.67  2.31  159  16  160'  15  166'  16  166.  16
 
RFWT & GMTT
 
(n = 24)  14.00'  1.47  13.83  1.56  168  19  172'  17  180'  15  181.  15
 
"RFWT & GMTT"  significantly different from "RFWT only',  p < 0.05
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between Time 1 and Time 2, between End-HR 1 and End-HR 2,
 
and between W-HRpk1 and W-Eitpk2.
 
A correlation matrix (Appendix H) was generated to
 
determine the correlation between the one-mile RFWT
 
dependent variables, i.e. Time, End-HR and W-HRpk. There
 
were significant correlations between Time 1 and Time 2
 
(r= 0.97), between End-HR 1 and End-HR 2 (r= 0.90) and
 
between W-HRpk 1 and W-HRIak 2 (r= 0.92). Correlational
 
analysis between the RFWT dependent variables was further
 
determined by grouping subjects into "RFWT only" or "RFWT
 
& GMTT" sub-groups. Table 3 presents a summary of the
 
correlations between walk variables:
 
TABLE 3  . SUMMARY OF CORRELATIONS BETWEEN RFWT
 
DEPENDENT VARIABLES
 
CORRELATION COEFFICIENT, r.
 
TIME 1 & 2  END-HR 1 & 2  W-HRpuk 1 & 2 
ALL SUBJECTS  0.97  0.90  0.92 
RFWT ONLY  0.98  0.90  0.90 
RFWT & GMTT  0.93  0.89  0.90 
(* all correlations significant at 0.05 level)
 
Table 3 shows that regardless of whether the subjects were
 
considered as a group or as sub-groups of "RFWT only" or
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"RFWT & GNTT", the correlation coefficient between
 
variables for both RFWTs were very similar.
 
To further established the test-retest reliability of
 
the one-mile RFWT, the intraclass correlation coefficient,
 
R (often mathematically denoted asp,), was computed for
 
the three RFWT performance variables. The intraclass
 
correlation coefficient procedure has been recommended as
 
the most appropriate statistical measure for determining
 
the reliability of repeated measures of a variable
 
(Baumgartner, 1989). In order to compute R, repeated
 
measures ANOVA analysis of the RFWT variables were first
 
performed to determine if there were any evidences of non-

randomness between test 1 and 2's variables (Appendix I).
 
The resulting non-significant F-statistic (where p=0.05)
 
for walk time and W-HRip,mk indicated that there were no
 
evidences of systematic variation between test 1 and test
 
2's walk times and w-Bitp,,a. Similar non-significant F-

statistics were also obtained when repeated measures ANOVA
 
analysis was applied to the "RFWT only" and "RFWT & GMTT"
 
sub-groups' walk times and W-BIRpmac. There were, however,
 
systematic differences between the test 1 and 2's End-HR
 
data for the entire group as well as for the "RFWT & GMTT"
 
sub-group (F-statistic significant at the 0.05 level).
 
Computation of R is presented in Appendix I. Table 4
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presents the intraclass correlation coefficients for RFWT
 
dependent variables.
 
TABLE 4. INTRACLASS CORRELATION COEFFICIENT FOR RFWT
 
DEPENDENT VARIABLES
 
INTRACLASS CORRELATION COEFFICIENT,  R
 
TINE 1& 2  END-HR 1& 2  W-HRpma, 1& 2 
ALL SUBJECTS  0.97  0.88*  0.92 
RFWT ONLY  0.98  0.91  0.90 
RFWT & MITT  0.93  0.87*  0.90 
(*  significant F-statistic, p < 0.05)
 
The high intraclass correlation coefficients thus
 
indicated that the one-mile RFWT is a reliable test for
 
this sample of subjects.
 
RFWT Performance
 
Since the time obtained for both one-mile RFWTs were
 
found to be highly reliable, the best walk time taken by
 
each subject (whether achieved during test 1 or 2) was
 
then re-organized to reflect the best one-mile RFWT
 
performance of each subject. The best walk time was
 
selected because it reflected the optimal walk performance
 
capability of each subject. Table 5 presents the mean of
 TABLE 5. SUMMARY OF SUBJECTS' BEST RFWT PERFORMANCES
 
Best Time (min)  End HR (bpm)  W-Max HR (bpm)
 
Mean  S.D  Mean  S.D  Mean  S.D.
 
All Subjects  14.85  2.28  168.4  17.7  175.8  16.3
 
(n = 40)
 
RFWT Only  16.57*  2.20  160.6*  14.9  167.1*  15.8
 
(n = 16)
 
RFWT & GMTT  13.71*  1.50  173.2*  18.6  180.9*  14.2
 
(n = 24)
 
"RFWT & GMTT" significantly different from "RFWT only",  p < 0.05
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best times, with the corresponding End-HR and W-HRIwor for
 
those who did the RFWT only and those who did both the
 
RFWT & GMTT. Independent t-tests indicated that there were
 
significant differences between the best walk times, End-

HR and W-HRImmo, of those who did the RFWT only and those
 
who did both RFWT & GMTT. Those who did the RFWT & GMTT
 
tests were faster at completing the one-mile RFWT than
 
those who did the RFWT test only. In addition, 29 out of
 
40 subjects (i.e. 73%) achieved best walk times during
 
test 2. Eleven subjects achieved best walk times during
 
test 1. The RGWT & GMTT group registered significantly
 
higher mean End-HR and mean peak HR during the walk
 
compared to the "RFWT only" subjects.
 
The difference between test 1 and 2's walk times was
 
also computed to provide some information regarding
 
subjects' inter-test performance (see Appendix F). Table 6
 
shows the breakdown in inter-test time difference between
 
test 1 and test 2:
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TABLE 6. SUMMARY OF INTER-TEST TIME DIFFERENCE
 
TIME DIFFERENCE  No. of  Percentage of 
(sec)  Subjects  Subjects 
below 10.00  16  40 
10.01  to  20.00  12  30 
20.01  to  30.00  2  5 
30.01  to  40.00  2  5 
40.01  to  50.00  2  5 
50.01  to  60.00  1  2.5 
greater than 60.01  5  12.5 
Subject S10 recorded the highest W-Hlivmk of 203 beats
 
per min (bpm) during the walk. Two other subjects, S9 and
 
S20, also achieved W-NNwo, of 200 bpm. A total of 19
 
subjects recorded W-HIliwo, greater than 180 bpm (during
 
either test 1 or 2) while another nine subjects had
 
W-KNoaa between 170 to 180 bpm. Five subjects recorded
 
W-HR iwa between 160 to 170 bpm. Taken together, a total of
 
33 subjects (i.e. 83%) thus achieved W-HR7mmk above 160 bpm
 
during either test 1 or test 2. For many of the subjects,
 
the walk test constituted a high aerobic intensity.
 
Subjects S32 and S37 recorded the lowest W- 1112pk, 140
 
bpm. Of the four subjects with DS, only subject S26
 
demonstrated a low W-littpao, (148 bpm and 156 bpm for test 1
 
& 2, respectively) while the other three subjects with DS,
 
i.e. subjects S13, S17 and S39, recorded  higher
 
than 165 bpm.
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GRADED MAXIMAL TREADMILL TEST RESULT
 
Twenty-four subjects were tested twice, one week
 
apart, on the GMTT after going through the familiarization
 
and preliminary testing phases. Physiological and
 
respiratory parameters associated with each subjects'
 
performance on the treadmill test is presented in Table 7.
 
The mean relative peak V02 value for test 1 and test
 
2 were 40.09 ml-kg-1.min-1 (range: 23.85 to 54.08) and
 
40.56 mlkg-1min-1 (range: 22.54 to 52.80), respectively. 
Mean absolute peak VO2 was 1.89 1-min-1 (range: 0.97 to 
2.87) and 1.94 1min-1 (range: 1.05 to 2.9) for test 1 and 
2, respectively. Mean peak heart-rate, T-HRIpeak, for both 
GMTT tests were similar: 189 bpm for both tests. Mean peak 
respiratory exchange ratio,  RERpeak  for test 1 and 2 were 
1.1 and 1.14, respectively. Mean peak ventilation, VEpeak 
values were 67.86 1.min-1 and 69.30 1-min-1, respectively. 
One of the most commonly accepted criteria for
 
determining that maximal oxygen consumption capacity has
 
been attained is the "levelling off or plateauing" of the
 
V02 (< 2.1 ml.kg-1.min-1 or < 150 ml .min-1) with increasing
 
workload. For test 1, 15 out of the 24 subjects
 
demonstrated this levelling off or plateauing phenomenon.
 
For test 2, 16 subjects also achieved this criterion.
 
Overall, 19 subjects (i.e. 79%) achieved this criterion
 
for either test 1 or 2. Subject S13, with Down syndrome,
 TABLE 7.  GRADED MAXIMAL TREADMILL TEST PERFORMANCE
 
Subject  VO2peak 1  VO2peak2  V02-1  V02-2  T-HRpeakl T-HRpeak2 RERpeaki RERpeak2  VEpeaki  VEpeak2 
(ml/kg/min) (ml /kg /min) (1 /min) (1/min)  (bpm)  (bpm)  (1/min)  (1/min) 
Si  43.96  43.69  2.38  2.36  193  189  1.23  1.18  96.40  88.60 
S2  40.03  38.80  1.40  1.40  186  192  1.18  1.13  55.40  55.40 
S3  44.91  46.94  1.25  2.21  193  198  1.25  1.20  79.30  82.20 
S4  41.35  41.42  1.28  1.28  204  208  1.19  1.23  58.80  61.10 
S5  44.10  45.00  2.29  2.30  188  189  1.17  1.19  90.80  90.20 
S6  40.94  40.04  1.47  1.44  198  188  1.21  1.25  73.40  75.80 
S7  46.94  43.81  1.78  1.67  179  180  1.10  1.19  69.00  69.10 
S8  36.03  32.63  2.38  2.15  166  169  1.07  1.20  76.50  79.80 
S9  43.14  45.04  2.42  2.52  211  210  1.19  1.19  107.20  99.00 
S10  54.08  52.80  2.11  2.06  204  205  1.21  1.31  69.00  64.80 
Sll  38.64  40.41  2.55  2.63  182  189  0.98  1.14  70.20  74.40 
S12  48.17  48.15  2.46  2.46  202  201  1.18  1.25  99.20  107.50 
S13  23.85  22.54  1.50  1.44  165  158  0.84  0.82  37.40  33.50 
S14  37.84  36.09  2.31  2.20  196  191  0.96  1.13  63.10  65.50 
S15  45.29  45.76  1.77  1.83  181  200  1.12  1.00  64.20  50.20 
S16  41.61  41.95  2.87  2.90  197  199  1.14  1.13  71.80  78.10 
S17  29.40  30.83  0.97  1.05  172  167  0.95  0.94  32.30  31.90 
S18  26.38  34.57  1.00  1.35  170  178  0.85  0.96  30.60  42.80 
S19  40.41  40.94  1.98  2.05  189  191  1.09  1.18  65.50  87.60 
S20  39.97  47.83  1.96  2.10  194  200  1.08  1.19  70.70  76.60 
S21  37.20  38.40  2.05  2.19  193  188  1.18  1.06  73.90  65.60 
S22  43.31  39.36  2.12  1.85  192  194  0.99  1.30  57.40  65.30 
S23  41.21  43.01  1.24  1.33  174  167  1.05  1.08  38.50  43.60 
S24  33.30  33.46  1.90  1.90  186  191  1.20  1.09  78.00  74.50 
Mean  40.09  40.56  1.89  1.94  188  189  1.10  1.14  67.86  69.30 
Std.Dev.  6.79  6.58  0.53  0.49  12  14  0.12  0.12  19.90  19.47 92 
was one of the five subjects (i.e. subjects S10, S13, S18,
 
S20 & S21) who did not demonstrate the "levelling off or
 
plateauing" criterion. All the other three subjects with
 
DS demonstrated this criterion.
 
In addition to this "levelling off or plateauing"
 
criterion, two other criteria that have often been
 
included to determine if maximal oxygen consumption
 
capacity has been reached are:
 
1) a peak respiratory exchange ratio (RERpgaid
 
exceeding 1.1, and
 
2) a maximal HR above 90% of subject's age-predicted
 
maximum HR, based on (220 bpm - Age) formula.
 
Fourteen subjects achieved a RERpk value greater
 
than 1.1 for test 1, while 18 subjects achieved it during
 
test 2. Overall, 20 subjects (i.e. 83%) achieved a RERk
 
greater then 1.1 for either test 1 or test 2. Two of the
 
four subjects (i.e. S13, 817, S18 & S23) who did not
 
demonstrate a RER greater than 1.1 were subjects with DS
 
(i.e. subjects S13 and S17). These four subjects were also
 
the same subjects who did not achieve a maximal HR above
 
90% of their age-predicted maximum values. All the other
 
20 subjects achieved this maximal HR criterion in either
 
test 1 or test 2.
 
When the three criteria for determining achievement
 
of VO2max were considered, only two subjects, S13 and 818,
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did not achiveve any of the three criteria. However, if
 
"levelling off or plateauing" of the VO2 value was the
 
single most important criterion, then 19 subjects would
 
have been considered to have achieve VO2max while two
 
other subjects would have been considered to have attained
 
peak V02.
 
Reliability of the Graded Maximal Treadmill Test
 
Paired t-tests of all the physiological parameters
 
indicated that there were no significant differences
 
between GMTT test 1 and test 2. A correlation matrix
 
between the physiological parameters was thus generated to
 
determine if the GMTT was a reliable measure of aerobic
 
capacity (Appendix J).
 
The relative peak VO2 (ml.kg-l.min-1) values obtained
 
correlated significantly between test 1 and test 2 with a
 
correlation coefficient of 0.91. Table 8 presents a
 
summary of the Pearson product moment correlations between
 
various physiological parameters of test 1 and 2.
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TABLE 8. CORRELATION BETWEEN GMTT 1 AND GMTT 2
 
Physiological parameter  Correlation between test 
1 & 2 
peak VO2 (ml.kg-l.min-1)  0.91* 
peak VO2 (1-min-1)  0.90* 
Max. HR (bpm)  0.89* 
RERpeak  0.62* 
V1mk (1.min-1)  0.93* 
(* significant correlation, p < 0.05)
 
The intraclass correlation coefficient, R, was also
 
computed to further determine the test-retest reliability
 
of the peak VO2 values obtained (Appendix K). The non­
significant F-statistic indicated that there was no
 
systematic variation in test 1 and test 2's peak VO2
 
values. The intraclass correlation coefficient was 0.9096
 
and 0.8963 for both relative and absolute peak V02,
 
respectively. Since the intraclass correlation coefficient
 
indicated that the GMTT is a highly reliable test, the
 
highest peak VO2 value for each subject, with
 
corresponding HRwmit,  RERpwo, and VEimak values, was taken to
 
reflect the optimal aerobic capacity of each subject.
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RELATIONSHIP BETWEEN RFWT AND GMT
 
Data reflecting the best RFWT performance and the
 
best GMTT performance are presented in Table 9. The mean
 
best walk time was 14.85 minutes (sd + 2.28). The mean
 
relative and absolute peak VO2 was 41.28 ml-kg-1.min-1 (sd +
 
6.43) and 1.98  (sd + 0.49), respectively. Mean
 
walk intp.ak was 176 bpm (sd + 16) while mean GMTT HRpo,k (T-

HRpiald was 190 bpm (sd + 13). The mean RERpwa was 1.11 (sd
 
+ 0.11) while the mean VEIwa was 68.94 1-min-1 (sd +
 
18.99).
 
A correlational matrix was generated to determine the
 
relationship among subject characteristics, RFWT and GMTT
 
performances (Appendix L). Time taken to complete the one-

mile RFWT correlated negatively and significantly with the
 
peak VO2 values. The relative peak VO2 (ml-kg-l-min-1) had a
 
slightly higher significant correlational value (r= -0.76)
 
than the absolute peak VO2 (1- mine) (r= -0.58). A
 
significant negative correlation also existed between time
 
taken and height (r= -0.41). Time taken also correlated
 
negatively and significantly with all the HR measures
 
(i.e. with walk's End-HR, r= -0.410; with W- r=
 
-0.44; with T -HRpak, r= -0.68). In addition, T-HRip,,a
 
correlated positively and significantly with the End-HR
 
(r = 0.52) and with W-HRIa (r= 0.71). Significant
 
positive relationships were found between absolute peak
 96 
TABLE  9.  SUBJECTS' BEST PERFORMANCE ON RFWT AND GMTT
 
SUBJECT TIME  E-HR W-HRpeak peak VO2 peak VO2 T-HRpeak RERpeak VEpeak
 
(min) (bpm)  (bpm)  ml /kg/min (1 /min)  (bpm)  (I /min)
 
S1  11.22  186  186  43.96  2.38  193  1.23  96.40 
S2  14.00  185  186  40.03  1.40  186  1.18  55.40 
S3  13.95  158  177  46.94  2.21  198  1.20  .82.20 
S4  14.42  184  191  41.42  1.28  208  1.23  61.10 
S5  12.42  187  187  45.00  2.30  189  1.19  90.20 
S6  12.25  190  190  40.94  1.47  198  1.21  73.40 
S7  14.03  130  166  46.94  1.78  179  1.10  69.00 
S8  14.53  130  133  36.03  2.38  166  1.07  76.50 
S9  12.20  190  197  45.04  2.52  210  1.19  99.00 
S10  12.72  191  192  54.08  2.11  204  1.21  69.00 
S1 1  13.10  178  186  40.41  2.63  189  1.14  74.40 
S12  12.30  186  190  48.17  2.46  202  1.18  99.20 
S13  17.42  165  165  23.85  1.50  165  0.84  37.40 
S14  13.65  176  192  37.84  2.31  196  0.96  63.10 
S15  13.08  178  188  45.76  1.83  200  1.00  50.20 
S16  12.02  168  181  41.95  2.90  199  1.13  78.10 
S17  16.52  180  182  30.83  1.05  167  0.94  31.90 
S18  14.80  196  196  34.57  1.35  178  0.96  42.80 
S19  13.27  167  179  40.94  2.05  191  1.18  87.60 
S20  12.31  196  197  47.83  2.10  200  1.19  76.60 
S21  15.83  153  175  38.40  2.19  188  1.06  65.60 
S22  13.68  172  177  43.31  2.12  192  0.99  57.40 
S23  14.38  151  152  43.01  1.33  167  1.08  43.60 
S24  14.82  159  177  33.46  1.90  191  1.09  74.50 
S25  11.45  174  189 
S26  17.95  156  156 
S27  15.47  165  167 
S28  14.75  170  173 
S29  15.67  158  164 
S30  14.53  174  189 
S31  17.95  148  148 
S32  15.78  132  140 
S33  18.78  155  157 
S34  17.47  145  154 
S35  19.35  150  176 
S36  16.72  163  170 
S37  16.52  141  145 
S38  18.71  182  187 
S39  19.67  178  179 
S40  14.32  179  179 
n  40 40  40  24  24  24  24  24 
Mean  14.85  168  176  41.28  1.98  190  1.11  68.94 
s.  D.  2.28  18  16  6.43  0.49  13  0.11  18.99 97 
V02 and three subject characteristic variables (i.e.
 
height, r= 0.77; weight, r= 0.77 and IQ, r= 0.44).
 
The correlation matrix between walk and GMTT data
 
indicated that there was a significant negative
 
correlation between walk time and absolute and relative
 
peak V02 values. This relationship was further tested
 
using regression analysis procedures to determine how well
 
aerobic capacity can be estimated from RFWT walk times.
 
Initial examination of the relationship between peak
 
V02 and walk time was done using a linear regression
 
model. Figures 1 and 2 show the scattergrams, with the
 
best line of fit, of relative and absolute V02 values with
 
the best one-mile RFWT walk time. The adjusted R-square
 
indicated that when time was the only predictor variable
 
of peak V02, the shared variance between walk time and
 
peak V02 was 55.56% and 31.14% for relative and absolute
 
peak V02, respectively. The standard error of estimate was
 
4.285 ml.kg-I.min-1 and 0.407 1.min-1 for relative and
 
absolute peak V02, respectively.
 
Examination of the residual plots (Appendix M) and
 
normal probability plots (Appendix N) for both relative
 
and absolute peak V02 indicated that the assumptions of
 
normality, homoscedasticity and linearity were met.
 
Since it was unclear how subject characteristic
 
variables might have affected the relationship between
 98 
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Figure 1. Plot of best line of fit between walk time and
 
relative peak VO2
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Figure 2. Plot of best line of fit between walk time and
 
absolute peak VO2 (1.min-1)
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walk time and peak V02, partial correlations were utilized
 
to control for the effect of a third variable upon the
 
relationship between walk time and peak V02. Partial
 
correlation coefficients between walk time and peak V02
 
were thus computed, holding various subject
 
characteristics (e.g. age, IQ, weight, height) and HR
 
measures constant. These partial correlation coefficients
 
are presented in Table 10.
 
TABLE 10. PARTIAL CORRELATION COEFFICIENTS BETWEEN
 
WALK TIME AND peak VO2 VALDES
 
Constant  Partial Correlation between
 
walk time and peak VO2
 
peak VO2  peak VO2 
(ml.ke..min-1)  (1.min-1) 
Bivariate variables  - 0.76  - 0.58 
Weight  - 0.81*  - 0.84* 
Height  - 0.76  - 0.46 
Age  - 0.76  - 0.59 
Age, Weight  - 0.81*  - 0.84* 
Age, weight,IQ  - 0.79*  - 0.82* 
Table 10 shows that when weight and various other
 
combinations of variables with weight were held constant,
 
the relationship between walk time and peak VO2 was
 
strengthened. The relationship between walk time and
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absolute peak VO2 was also strengthened when End-HR and W-

Hlivmk were held constant.
 
Multiple regression models including weight as a
 
predictor variable of relative and absolute peak VO2 was
 
thus utilized to determine if peak VO2 could be better
 
estimated from RFWT performance. When weight was added as
 
a predictor variable, the adjusted R-square increased to
 
64.40% for relative peak VO2 and 86.70% for absolute peak
 
V02. Adding other variables such as age, height, IQ, End-

HR or W-HR pwo, as predictor variables did not result in any
 
significant increase in the shared variance. The extra
 
sum-of-square F-statistic test of the multiple regression
 
models confirmed that walk time and weight were
 
significant predictor variables in predicting relative and
 
absolute peak VO2 values (p < 0.05). Table 11 presents a
 
summary of the multiple regression models for relative and
 
absolute peak VO2 with their respective standard error of
 
estimates. Keeping the walk time and weight as predictor
 
variables of peak V02, the multiple regression formula for
 
estimating peak VO2 is thus:
 
peak VO2  = 95.56  - 3.345(walk time)  - 0.174(wt)
 
(al.kg-1-min-1)  (t=-6.24)  (t=-2.541)
 
or
 
peak VO2  = 2.90  - 0.176(walk time)  +  0.031 (wt)
 
(1.mLn-1)  (t=-7.034)  (t=9.632)
 TABLE 11. MULTIPLE REGRESSION MODELS FOR ESTIMATING RELATIVE AND ABSOLUTE
 
peak VO2
 
peak V02  (mil.ke.min-1)  peak V02  (1-min-2)
 
Coeff.  SE  t-value  Sig.level  Coeff.  SE  t-value  Sig.level
 
Constant  95.559  8.293  11.523  0.0000  2.902
  0.387  7.496  0.0000
 
Walk time  -3.345  0.536  -6.240  0.0000  -0.176  0.250  -7.034  0.0000
 
Weight  -0.174  0.068  -2.541  0.0000  0.031  0.003  9.632
  0.0000
 
R2  0.6745
  0.8784
 
Adj. R2
  0.6435
  0.8668
 
SEE
  3.8383  0.1792
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The standard error of estimate was 3.84 ml-kg-l.min-1 for
 
relative peak VO2 estimation and 0.18 1min1 for absolute
 
peak VO2 estimation. Figures 3 and 4 show predicted peak
 
VO2 values plotted against observed peak VO2 values for
 
relative and absolute peak V02, respectively.
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Figure 3. Plot of predicted vs observed relative
 
peak VO2 (ml.kg-l.min-1)
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CHAPTER V
 
DISCUSSION
 
ROCKPORT FITNESS WALKING TEST
 
Reliability of the RFWT
 
Some of the most common and popular field tests of
 
cardiovascular fitness usually require some form of
 
walking and/or running. Unfortunately, many such field
 
tests of cardiovascular fitness, e.g. Cooper 12-minute
 
walk-run, 1.5 mile run, that have been initially developed
 
and tested with adult populations have been
 
indiscriminately generalized across age groups and gender.
 
Thus, the reliability and validity of such field tests
 
have often been questioned when used with children and
 
youth, including populations with special needs.
 
Walking has recently been recommended as a good
 
aerobic activity that is suitable for almost everyone who
 
is ambulatory. The recent popularity of this mode of
 
exercise is probably due to the assumed simplicity and
 
familiarity of the skill involved. Considerable interests
 
have thus been generated recently to develop a reliable
 
and valid cardiovascular field test based on the skill of
 
walking, especially for elderly populations and
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populations with special needs (Kline et al., 1987;
 
Fenstermaker et al., 1992; Rintala et al., 1992)
 
The one-mile RFWT has been reported to be reliable
 
for children and adults with MR, with test-retest
 
reliability ranging from 0.90 to 0.97 (Teo-Koh & McCubbin,
 
1993; Rintala et al., 1993; Kittredge et al., 1994). Based
 
on these reports, the first hypothesis formulated for this
 
study was that the test-retest reliability of the one-mile
 
RFWT would equal or exceed 0.80. The results of this study
 
showed that the test-retest reliability between the two
 
testing sessions, using intraclass correlation procedures,
 
was 0.97 for the entire group of 40 subjects. The test-

retest reliability was 0.98 and 0.93 for the sub-groups of
 
"RFWT only" and "RFWT & GMTT" subjects, respectively. The
 
first hypothesis is thus accepted.
 
Like the other reported RFWT studies, the RFWT was
 
thus found to be very reliable for the sample of 12 to 17
 
year old subjects used in this study. Such high
 
reliability coefficients rarely have been reported by
 
other running/walking field test studies using children.
 
For example, Safrit and Wood (1987) have reported
 
reliability coefficients ranging from 0.61 to 0.90 for the
 
9-minute run test for non-handicapped males and females
 
ranging from 11 to 14 years old, while Rikli, Petray &
 
Baumgartner (1992) have reported reliability coefficients
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ranging from 0.84 to 0.90 for the one-mile distance run
 
for grade 3 to 4, male and female, students. Buono, Roby,
 
Micale, Sallis & Shepard (1991) have reported test-retest
 
reliability ranging from 0.91 to 0.98 for a one-mile run
 
test using 10 to 16 year old non-handicapped males.
 
One of the major difference between this study and
 
many of the earlier studies of field tests of
 
cardiovascular fitness is the use of pacers during
 
testing. Low levels of motivation and lack of cognitive
 
understanding for the demands of the task by individuals
 
with MR have often been cited as variables that may
 
confound the reliability and validity of many fitness
 
tests. Koh & Watkinson (1988) and Watkinson & Koh (1988)
 
have shown that to achieve reliable and consistent
 
walking/running performance by individuals with MR, it was
 
very important that pacers be used to minimize the effects
 
of poor pace planning and low self-motivation. In all the
 
studies that reported using the one-mile RFWT with
 
individuals with MR, pacers were used. This may thus
 
explain the high test-retest reliability of the RFWT
 
reported thus far.
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Rockport Fitness Walking Test Performance
 
The best mean RFWT time recorded by the 40 subjects
 
in this study (14.85 mins.) was only slightly slower than
 
the mean time (14.37 mins.) reported by Rintala et al.
 
(1992) and Kittredge et al. (1994). However it must be
 
noted that adults with MR were used in both the studies
 
cited above.
 
The intraclass correlation coefficients between test
 
1 and 2's End-HR and Walk -11Rpk were high (0.88 to 0.91),
 
providing support for hypothesis #2. However, it must be
 
noted that evidence of systematic differences between test
 
1 and 2's End-HR data for the entire sample group and the
 
"RFWT only" sub-group were detected. The mean End-HR was
 
higher during test 2. This was especially true for the
 
"RFWT & GMTT" sub-group. Personal observations of the
 
testing sessions indicated that this sub-group, which had
 
a higher mean IQ, responded more readily to cues and
 
prompts by the second testing session. Subjects were told
 
that they had "one last round to go" by the time-keeper
 
when they started on their final lap round the track. The
 
"RFWT & GMTT" seemed to picked up their walking speed when
 
told they had only one more lap to go. In addition, they
 
appeared to work harder at the end, often trying to
 
outpace their pacers to reach the finish line. This might
 
explain the higher End-HR values and thus account for the
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systematic differences that were detected between test 1
 
and test 2's End-HR data.
 
The mean W-HRpk during the one-mile RFWT (174 and
 
175 bpm for test 1 and 2, respectively) indicated that the
 
intensity of the walk was fairly high. There were,
 
however, significant differences in the mean W-HRIak and
 
mean End-HR achieved by the "RFWT only" subjects compared
 
to "RFWT & GMTT" subjects. The latter group recorded
 
higher mean W-HRpk and End-HRs than the "RFWT only" sub­
group. Considering that the "RFWT & GMTT" subjects also
 
recorded faster mean walk times than the "RFWT only" sub­
group, it can be inferred that the "RFWT & GMTT" subjects
 
maintained a higher exercise intensity level during the
 
walk. However, it must be remembered that the "RFWT only"
 
sub-group consisted of subjects with a lower mean IQ level
 
who were also unable to fulfill the criteria for
 
participation in the graded maximal treadmill test. Hence,
 
it is very difficult to determine if the lower IQ level
 
had any influence upon the level of self-motivation to
 
perform, resulting in the slower finishing times and lower
 
peak heart-rates.
 
The fastest one-mile RFWT time recorded in this study
 
was by subject Si, who took 11 minutes 13 seconds. Subject
 
S1's peak heart-rate during the second RFWT, 186 bpm, was
 
only slightly lower than the peak HR achieved during the
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GMTT (193 bpm for GMTT 1 and 189 bpm for GMTT 2). The HR
 
curves of subject S1's heart-rate response throughout the
 
two one-mile RFWTs (Figures 5A & 5B) showed that his HR
 
was maintained consistently above 150 bpm.
 
Subject S35 was the slowest subject, with a walk time
 
of 20 minutes 27 seconds. Subject S35's peak HR for the
 
RFWT was 176 and 155 bpm for test 1 and 2, respectively.
 
The HR curves for subject S35 (Figures 6A & 68) showed
 
that except for a few data points, subject S35's heart-

rate during the one-mile RFWT was generally at or below
 
150 bpm.
 
In the first reported study that validated the one-

mile RFWT for non-handicapped adults, Kline et al. (1987)
 
reported that a 30-second time difference criterion
 
between two RFWTs was used and that "if times for the
 
first 2 walks were not within 30 seconds of each other,
 
subsequent walks were performed until this criterion was
 
met (pg. 255)." On the other hand, Kittredge et al. (1994)
 
utilized a 40-seconds time difference criterion in their
 
study with adults with MR. Subjects who were unable to
 
fulfill this 40-second criterion were tested a third time
 
in their study.
 
In this present investigation, 16 subjects (i.e. 40%)
 
achieved inter-test time differences within 10 seconds
 
between the 2 testing sessions. Another 12 subjects (i.e.
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Figure 5A. Plot of subject Si's HR responses during RFWT 1
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Figure 5B. Plot of subject Sl's HR responses during RFWT 2
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Figure 6B. Plot of subject S35's HR responses during RFWT 2 114 
30%) achieved inter-test time differences between 10.01 to
 
20 seconds while four subjects (i.e. 10%) had time
 
differences of between 20.01 to 40 seconds. Five subjects
 
(i.e. 12.5%) recorded time differences greater than one
 
minute. From the data collected in this study, it can thus
 
be seen that 80% of the subjects did in fact record time-

differences within 40-seconds for test 1 and 2. However,
 
the 30 or 40-second time difference criterion was not
 
enforced in this study because it was felt that doing so
 
would artificially manipulate the test-retest reliability
 
of the one-mile RFWT walk times. The high test-retest
 
reliability of the RFWT reported by Kline et al. (1987)
 
and Kittredge et al. (1994) must, unfortunately, be viewed
 
critically because of the "manipulative" procedures used
 
to achieved the test's reliability.
 
GRADED MAXIMAL TREADMILL TEST
 
To date there has been no report of any study that
 
attempts to determine the test-retest reliability of
 
laboratory graded exercise test with children/youth with
 
HR. A key factor that probably accounts for the seeming
 
lack of interest to establish the reliability of graded
 
exercise stress tests is the perceived difficulty of
 
testing this population with laboratory exercise stress
 
tests.  Attempting to validate cardiovascular field tests
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by such laboratory stress tests, via correlational
 
statistical procedures, is also difficult and daunting.
 
The test-retest reliability of the peak VO2 values
 
obtained via the graded maximal treadmill test was found
 
to be high. The intraclass correlation coefficient was
 
0.91 and 0.90 for relative and peak V02, respectively.
 
Hypothesis #3 is thus accepted.
 
Twenty-two out of 24 subjects achieved at least one
 
of the three criteria established for VOgnim attainment.
 
(Although 92% of the subjects achieved at least one of the
 
VO2max criterion, the term "peak V02" was used in this
 
report as not all subjects demonstrated maximum effort.)
 
It must be emphasized that the familiarization and
 
practice phases of this study were very important and
 
might have a major influence upon the consistent results
 
obtained. Subjects were given ample time and practice
 
trials to become accustomed to the testing environment,
 
equipment, personnel and test protocols. Subjects had at
 
least two familiarization sessions during phase 1, two
 
preliminary testing sessions during phase 2, and at least
 
one session of going through the actual GMTT protocol
 
before formal testing took place. About 65% of those who
 
were tested on the GMTT took about two to three sessions
 
during phase 2 before they were comfortable on the
 
treadmill, as well as with the face-masks. The practice
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trial during phase 3 was also very crucial because it
 
allowed the subjects to experience the entire test
 
protocol.
 
It has only been recently acknowledged and emphasized
 
that ample opportunities for familiarization and practice
 
are crucial if reliable and valid results are to be
 
obtained from laboratory testings of individuals with MR
 
(Fernhall & Tymeson, 1987; Pitetti et al., 1993). Most of
 
the earliest studies often did not provide for any
 
familiarization or practice. The difficulties of testing
 
individuals with MR in the laboratory may be reduced if
 
familiarization and practice considerations were included
 
as part of future studies.
 
In one of the earliest graded treadmill exercise
 
testing studies, Bar-Or et al. (1971) reported that 15% of
 
their subjects (161 children with IQ below 90) were unable
 
to complete the graded exercise test. It must be noted
 
that each subject was only given "2 to 4 minutes" to
 
determine that he/she could walk comfortably on the
 
treadmill and then subsequently tested after resting for
 
four minutes. No familiarization phase was included in the
 
study. Test-retest reliability was also not conducted.
 
Despite the differences between Bar-Or et al. (1971)
 
and this study, there was one similar observation between
 
Bar Or et al.'s findings and this study. Bar-Or et al.
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(1971) observed that low IQ levels may be a contributing
 
factor toward subjects' inability to perform the graded
 
exercise test. In this study, it was also found that those
 
with low IQ levels tended to be unable to perform the
 
graded exercise test and thus had to be tested only on the
 
walk test. The "RFWT only" sub-group thus had a lower mean
 
IQ than those who did both the RFWT & GMTT.
 
The "RFWT only" sub-group represented 40% of the
 
entire sample. Of this group, nine subjects (i.e. 56 %)
 
could not walk independently or comfortably on the
 
treadmill despite repeated practices. These subjects were
 
apprenhensive and generally refused to let go of the hand
 
rails. It was also observed that three of the subjects in
 
this group were not very comfortable when climbing up
 
stairs that had no railings. Their movements were slow and
 
hesitant, indicating possible difficulties with dynamic
 
balance.
 
Another two subjects in the "RFWT only" sub-group
 
(i.e. 13%) refused to get on the treadmill. These two
 
subjects refused to be "persuaded" to try getting on the
 
treadmill. When they saw the treadmill moving they
 
"decided" that they did not want to get on it. The
 
remaining five "RFWT only" subjects (i.e. 31%) could not
 
cope with the three treadmill grade and one speed
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increments. Initially, these five subjects were fairly
 
comfortable with the moving treadmill. However, once the
 
inclination of the treadmill started to change, they
 
became apprenhensive and reached out for the hand-rails.
 
Having to deal with the increased inclination of the
 
treadmill, as well as breathing via the face-mask, proved
 
to be rather stressful for these subjects.
 
The highest relative and absolute peak VO2 obtained
 
in this study were 54.08 ml.ke.min-1 and 2.90 1-min-1
 
respectively, whereas the lowest relative and absolute
 
peak VO2 were 22.54 ml-kg-l.min-1 and 0.97 1. min -1. The mean
 
peak VO2 values were approximately 40.1 m1.kg-l.min-1 and
 
1.90 1 min -1. The mean peak VO2 values found in this study
 
were thus generally lower than the 48 to 56 ml-ke.min-1
 
reported for non-handicapped children (Astrand, 1952;
 
Sprynarova, 1966; Buono, Roby, Micale, Sallis & Shepard,
 
1991). In Bar-Or et al.'s study (1971), mean VO2max values
 
of 50.25 ml-ke.min-1 and 1.30 1min-1 were reported for 19
 
boys with low IQ scores. The relative VO2max value was
 
thus higher than the mean found in this study while the
 
absolute peak VO2 was lower.
 
Maksud & Hamilton (1974) had tested 62 inner city
 
boys with mild MR on a bicycle ergometer and reported a
 
mean VO2max value of approximately 39 ml.ke.min-1, which
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was close to that found in this study. Again, it must be
 
mentioned that no test-retest reliability was carried out
 
in the Maksud & Hamilton (1974) study. Subjects were given
 
one familiarization visit before actual testing. However,
 
subjects in Maksud & Hamilton's study were of much higher
 
IQ (mean 10=69.3) levels than those in the present study
 
(mean 10=53.83).
 
Other studies that have reported treadmill tested
 
peak VO2 values for adolescents with MR included Burkett &
 
Ewing (1984) and Millar (1984): 30 and 27 ml.kg-l.min-1,
 
respectively. Once again, no test-retest reliability
 
analyses were conducted in either study. In addition, no
 
objective criterion for determining the achievement of
 
VO2max was mentioned in either study, making it very
 
difficult to determine if in fact optimal aerobic capacity
 
was reached. The extremely low VO2max values may thus
 
reflect effort and motivation problems.
 
RELATIONSHIP BETWEEN RFWT WALK TIME AND PEAK VO2
 
The correlation coefficient between one-mile RFWT
 
times and the relative and absolute peak VO2 values were
 
-0.76 and -0.58, respectively. Although the correlations
 
were significant, they were not very high. Hypothesis #4
 
thus has to be rejected since the correlation coefficients
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were less than -0.80. When weight was held as a constant,
 
the partial correlation between time and peak V02 values,
 
however, strengthened to -0.81 and -0.84 for relative and
 
absolute peak V02, respectively.
 
Compared to the use of walk time as a single
 
predictor variable, using walk time and weight as
 
predictor variables in a multiple regression analysis of
 
the relationship increased the shared variance for
 
relative peak V02 from 55.56% to 64.40%.  The shared
 
variance for absolute peak V02 showed a more significant
 
increase, from 31.14% to 86.70%. The multiple regression
 
model containing walk time and weight is thus more
 
appropriate for estimating peak V02 from the one-mile RFWT
 
performance. Rintala et al. (1992) have also reported that
 
there was a strong relationship between peak V02, walk
 
time and weight of adult men with HR. These results differ
 
from the generalized equations developed for estimating
 
peak V02 for non-handicapped adults by Kline et al.
 
(1987). Age and heart-rate recorded at the end of the one-

mile walk test were found to be significant predictor
 
variables in the multiple regression model developed by
 
the Kline et al. (1987) but not in this study. The
 
subjects used in Kline et al.'s study (1987) ranged from
 
30 to 69 year old individuals while the age range of
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subjects in this study was only from 12 to 17. The
 
tremendous range in the ages of subjects used by Kline et
 
al. (1987) may thus explain the difference in results
 
obtained.
 
PERFORMANCE OF SUBJECTS WITH DOWN SYNDROME
 
Recently, some studies have indicated that
 
individuals with Down syndrome (DS) may possess
 
physiological differences that result in lower peak VO2
 
capacities as well as lower peak heart-rate response to
 
maximal exercise tests. Pitetti et al. (1988, 1992) have
 
reported findings of lower peak VO2 and heart-rate values
 
of adult subjects with DS when compared to matched
 
individuals with MR but without DS. Fernhall et al.
 
(1989), however, reported no such differences. It is
 
unclear if such differences are also present in children
 
and youths with DS. There has been no report of such
 
differences.
 
Four subjects with DS, i.e. subjects S13, S17, S26
 
and S39, were involved in this study. Subjects S13 and S17
 
participated in the RFWT & GMTT, while subjects S26 and
 
S39 participated in the RFWT only.
 
For the GMTT, Subject S13 and S17 had the two lowest
 
peak VO2 and peak HR values when compared to the other
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subjects. These two subjects also recorded RERpwa values
 
less than 1.1. Subject S13 was also one of the two
 
subjects who achieved less than two of the three VO2max
 
attainment criteria.
 
For the one-mile RFWT, subject S39 clocked the second
 
slowest walk time of the 40 subjects. Although the other
 
three subjects with DS did not finish with the slowest
 
walk times, their times were slower than the mean time of
 
the entire group. These subjects were, however, quite
 
consistent in walk performances. Three out of the four
 
subjects with DS recorded inter-test time differences of
 
less than nine seconds between RFWT test 1 and 2. Subjects
 
S13 and S26's peak walk-HR were also lower than the
 
group's mean value.
 
The findings here thus do lend some support to the
 
hypothesis that individuals with DS tended to demonstrate
 
poorer cardiovascular fitness, compared to other
 
indivduals with MR, as reflected by physiological/
 
metabolic parameters. However, it must be cautioned that
 
the small number of subjects with DS used in this study
 
does not provide sufficient evidence for a conclusive
 
generalization to all subjects with DS.
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GENERALIZABILITY OF RESULTS
 
Although subjects in this study were from an Asian
 
culture, they were fairly representative of the population
 
of 12 to 17 year old males with mental retardation that
 
the researcher had worked with in Canada and Oregon.
 
Like many individuals with MR, the subjects required
 
positive prompts, encouragements and tangible incentives
 
to stay motivated and on task.
 
When evaluating the results of this study, it must be
 
remembered that although the RFWT was conducted in the
 
morning, the test was conducted outdoors under tropical
 
hot and humid conditions. However, subjects were fully
 
acclimatized to the weather and were used to having
 
physical activities outdoors in the morning. Physical
 
education classes in the schools were usually conducted
 
under the same conditions. A limitation of this study with
 
regard to the generalizability of the RFWT performance is
 
that only two subjects were tested, and individually
 
paced, at any one time. The ecological validity of the
 
RFWT, as administered in this study, is thus limited.
 
The laboratory in which the GMTT was conducted was
 
very well-equipped and similar to many exercise physiology
 
laboratories found in North America. The ambient
 
conditions of the laboratory was maintained at similar
 
conditions of other North American laboratories.
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TESTING PROCEDURES AND ADMINISTRATION
 
Rockport Fitness Walking test
 
Although running field tests have been used
 
extensively for many years with individuals with NR,
 
teachers and testers often find them difficult to
 
administer, especially timed runs of 6, 9 and 12 minutes.
 
Students of different abilities may be covering different
 
distances during the course of the test. Teachers often
 
have to estimate student location at test termination.
 
Beside such possible inaccuracies, it is also very
 
difficult to test groups of students at any one time.
 
The one-mile RFWT is a fairly simple walking test to
 
administer. The one-mile distance is a constant and so
 
long as the one-mile distance is accurately measured out
 
on a flat surface, distance consistency can be achieved
 
regardless of where that test is conducted. The equipment
 
needed for administering the test is very basic: stop­
watches, clip-boards, pencils/pens and if available, heart
 
rate monitors. The administration of the RFWT also does
 
not require highly trained technical personnel. Teachers
 
can serve as testers, time-keepers and pacers.
 
It is important, as mentioned often, to provide for
 
familiarization and practice with the one-mile RFWT. Like
 
most individuals with MR, the subjects in this study were
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a little apprehensive and distracted by the new
 
environment, equipment and testing personnel during the
 
first session. However by the third session, all the
 
subjects seemed to settle down and were able to pay
 
attention to the task at hand. Even if the one-mile RFWT
 
was to be conducted in the school setting, it would still
 
be wise to allow students to try out the one-mile distance
 
to enable them to have some understanding and appreciation
 
of what "one-mile" means.
 
Graded Maximal Treadmill Test
 
All subjects were given at least two familiarization
 
sessions during phase 1, two preliminary sessions during
 
phase 2, and at least one practice session of going
 
through the GMTT protocol. All those who refused to
 
participate in the GMTT or were unable to fulfill the
 
criteria for inclusion in the GMTT were then excluded
 
(please refer to page 74 for inclusion criteria).
 
Most of those subjects who were included in the GMTT
 
were fairly comfortable with the test protocol by the
 
second practice session. The initial uncertainty with the
 
treadmill gave way to fairly efficient walking patterns by
 
the third session at the laboratory. The use of the face-

masks for gas collection appeared to be very well accepted
 
by the subjects. In an earlier pilot-study, subjects were
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not very comfortable with the traditional nose-clip and
 
mouth piece commonly used for graded exercise testing.
 
There was a tendency for subjects to let go of the mouth
 
piece when discomfort set in after a few minutes of
 
testing. There were also a couple of subjects who found
 
breathing into the mouth-piece a very awkward experience.
 
As a result, some tended to hold their breathe and develop
 
very irregular breathing patterns. The face-mask did not
 
require subjects to bite onto anything and facilitated
 
fairly normal breathing patterns after a couple of
 
practice trials. Danhoff & Dohmeier (1992) have found no
 
significant differences between respiratory measures
 
obtained by the face mask and the standard noseclip and
 
mouth piece apparatus. The high test-retest reliability of
 
all the respiratory measures obtained in this study
 
confirmed that the face mask was a reliable piece of
 
equipment for gas collection.
 
Personnel involved in graded exercise testing do need
 
to be very alert and consistent during the entire GMTT
 
test session. Subjects in this study interacted very well
 
with the research team and once rapport was developed, it
 
was easier for the testers to provide verbal
 
encouragements as well as for the subjects to respond to
 
such encouragements. Verbal positive encouragements and
 
prompts consisting of simple words and terms were used
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throughout the test to elicit optimal performance. It is
 
important to note that each subject responded to slightly
 
different encouragement and/or prompts and once it was
 
ascertained as to what worked for a particular subject,
 
that information was recorded for reference by all testing
 
personnel. In addition, a quiet and calm environment with
 
minimal distraction(s) and noise also seemed to facilitate
 
graded maximal exercise performance.
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CHAPTER VI
 
CONCLUSIONS AND RECOMMENDATIONS
 
SUMMARY
 
The reliability and validity of cardiovascular
 
fitness field tests, especially when used with youth
 
populations and individuals with special needs, have often
 
been questioned in the research literature. Results have
 
often been conflicting, especially when running field
 
tests were used. The one-mile RFWT was recently developed
 
as a cardiovascular fitness field test and has been found
 
to be reliable for adults with and without MR. The
 
reliability and validity of this test had yet to be tested
 
with children and adolescents with and without MR.
 
The main purposes of this study were:
 
1. to determine if the one-mile RFWT was a reliable
 
cardiovascular fitness field test of adolescent
 
males with MR, and
 
2. to determine if there was a strong relationship
 
between peak VO2 and the one-mile RFWT performance
 
of adolescent males with MR.
 
Specifically, this study was conducted to answer the
 
following questions:
 
1. Is there consistency in performance across time on the
 
one-mile RFWT by 12 to 17 year old males with MR?
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2. What is the test-retest reliability of peak VO2 values
 
of 12 to 17 year old males with MR?
 
3. What is the statistical relationship between RFWT
 
performance and peak VO2 values obtained via graded
 
maximal exercise testing?
 
4. What is the cardiovascular fitness status of 12 to
 
17 year old males with MR in Singapore?
 
The sample used in this study consisted of 40 males
 
with MR, 12 to 17 years of age, who were students at two
 
special schools for the intellectually disabled in
 
Singapore. These subjects had parental consent to
 
participate in the study and were also certified medically
 
fit by a medical doctor. Subjects themselves also
 
consented to participate. The 40 subjects were given at
 
least two familiarization sessions during phase 1, two
 
preliminary sessions during phase 2 and at least one test
 
practice session before being formally tested. The
 
subjects were tested twice on the one-mile RFWT. The two
 
RFWTs were conducted one week apart. Pacers were used to
 
walk with the subjects during the RFWT sessions on a one
 
to one ratio. Of the 40 subjects, 24 subjects were also
 
tested twice, again one week apart, on a graded maximal
 
treadmill test to determine peak oxygen consumption
 
capacities.
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The mean best-walk time was 14.85 min for the entire
 
group of 40 subjects. The "RFWT only" sub-group had a
 
significantly slower mean best time than the "RFWT & GMTT"
 
sub-group. The former group also had a significantly lower
 
peak walk-HR response.
 
The test-retest reliability of the one-mile RFWT walk
 
time, using repeated measures ANOVA and intraclass
 
correlation procedures, was 0.97. Thus, statistical
 
analysis of the one-mile RFWT walk time showed that the
 
RFWT was a very reliable test for this particular group of
 
subjects. With reference to the first question of the
 
study, it can thus be concluded that there is a high
 
consistency in walk time performance by the 12 to 17 year
 
old subjects.
 
With reference to question #2 of the study, test-

retest reliability of peak VO2 values obtained from the
 
GMTT, using intraclass correlation coefficient procedures,
 
was found to be 0.90. This high reliability coefficient
 
indicates that the GMTT was a reliable test for this group
 
of subjects.
 
The mean relative and absolute peak VO2 for the group
 
of 24 subjects were found to be 41.28 ml.kg-l.min-1 and
 
1.98 1min-1, respectively. The highest relative peak VO2
 
obtained was 54.08 mlkg-lmin-1 while the lowest was 22.54
 
ml.kg-l.min-1. Compared to reported data obtained on
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non-handicapped same-age and gender peers, this group of
 
subjects were found to be slightly lower in cardiovascular
 
fitness (Sprynarova, 1966; Buono et al., 1991). However,
 
the mean peak VO2 value indicated that this group of
 
subjects was fairly similar to those reported for same-age
 
and gender peers with MR (Bar-Or et al., 1971; Maksud &
 
Hamilton, 1974). It can thus be concluded that
 
cardiovascular fitness of 12 to 17 year old Singaporean
 
males with MR were slightly lower than same-age non-

disabled peers but similar to same-age peers with MR.
 
Significant negative correlations were found between
 
the one-mile walk time and peak VO2 values. The
 
correlation coefficients ranged from -0.58 to -0.76.
 
Multiple regression statistical procedures utilized to
 
determine the relationship between RFWT performance and
 
GMTT found that walk time and weight were the two most
 
significant predictor variables of peak V02. Walk time and
 
weight accounted for 67.45% of the total variance with
 
relative peak V02 and 87.84% of the total variance with
 
absolute peak V02. The standard error of estimate was 3.84
 
ml.kg-1-min-1 and 0.18 1-min-1 for relative and absolute
 
peak V02, respectively. The best equations for predicting
 
peak VO2 were thus:
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peak VO2  =  95.56  - 3.345(walk time)  - 0.174(M)

(alkemin-1)  (t= -6.24)  (t= -2.541)
 
or
 
peak VO2  =  2.90  - 0.176(walk time)  +  0.031(M)
 
(1min-1)  (t= -7.034)  (t= 9.632)
 
CONCLUSION
 
The results of this study provide strong evidence of
 
the reliability of the one-mile RFWT when used with 12 to
 
17 year old males with MR. It is probable that this high
 
reliability was indirectly dependent upon the presence of
 
pacers during the walk test. Subjects reacted very
 
favorably to the pacers. Pacers were also able to motivate
 
and keep subjects walking continuously through verbal
 
encouragement and prompts.
 
This study also showed that it is possible to test a
 
high percentage of adolescent males with MR successfully
 
on a graded maximal treadmill test. The high test-retest
 
reliability of the peak VO2 values indicated that there
 
was a high consistency in graded maximal treadmill
 
performance. Also, 92% of the subjects tested achieved two
 
out of the three criteria established for VO2max
 
attainment. It must, however, be stressed that individuals
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with HR must be given ample familiarization and practice
 
sessions so as to perform to the best of their aerobic
 
abilities. The design of this study provided for such
 
familiarization and practice sessions. It is also
 
important to note that a graded treadmill testing protocol
 
that had been tested and found to be appropriate for
 
individuals with HR (Fernhall & Tymeson, 1987; Rintala et
 
al., 1992) was used in this study. Too often, testing
 
protocols developed for individuals without MR, whether
 
for cycle ergometry or treadmill tests, have been
 
indiscriminately used for testing individuals with MR. In
 
addition, test-retest reliability of graded maximal
 
exercise test has often been neglected when testing
 
individuals with MR. Consequently the reliability and
 
validity of such reported results have been questioned.
 
RECOMMENDATIONS
 
In searching the literature and data base on
 
cardiovascular fitness testing of individuals (especially
 
children and adolescents) with MR, it became apparent that
 
very little has been done to determine the reliability and
 
validity of many cardiovascular field tests that are used
 
routinely with this population during overall fitness
 
testing. This study was an attempt to determine whether
 
the one-mile RFWT could be a reliable and valid
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cardiovascular field test for a group of 12 to 17 year old
 
males with MR. The following recommendations are an
 
outcome of the study and by no means represent a
 
comprehensive list of the work that needs to be done.
 
Recommendation #1
 
At present no norms have been developed for the one-

mile RFWT for individuals with MR. There is a published
 
RFWT manual (1987) containing age-and gender-specific
 
norms, for individuals without MR aged 20 to 60 and older.
 
Large-scale future studies involving large sample sizes of
 
individuals with MR of all ages, gender and level of
 
retardation are thus needed if such a similar manual is to
 
be developed for individuals with MR. Such a manual could
 
be a valuable resource to teachers, fitness testers and
 
related professionals who are trying to find a
 
reliable and valid cardiovascular field test for this
 
particular population.
 
Recommendation #2
 
There is an urgent need to cross-validate the
 
equations developed by Rintala et al., (1992) and this
 
study. Kittredge et al.'s (1994) study indicated clearly
 
that generalized equations are population specific and
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cannot be indiscriminately applied. The appropriateness of
 
the equations developed for individuals with MR needs to
 
be tested to provide directions for future studies.
 
Recommendation #3
 
The one-mile RFWT was found to be very reliable and,
 
in general, an easy test to administer. However, there is
 
a need to test it against other cardiovascular field tests
 
currently used with individuals with MR. Only through such
 
studies can conclusion(s) be drawn as to which
 
cardiovascular field test(s) is/are the most reliable and
 
valid for testing individuals with MR.
 
Recommendation #4
 
Although pacers are thought to be very important in
 
eliciting optimal walk performance, there has been no
 
confirmation of this hypothesis. The only study that has
 
confirmed significant presence of pacers upon performance
 
is an endurance run study of youths with MR by Koh &
 
Watkinson (1989). Future studies are needed to confirm if
 
pacers do significantly affect the one-mile RFWT
 
performance. Also of importance is the need to determine
 
if pacer effectiveness is a function of subject's age,
 
gender and level of retardation.
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Recommendation #5
 
Adults without MR were used as pacers in Rintala et
 
al.'s study (1992) and this study. However, the
 
feasibility of using same-aged peers, with or without MR,
 
of either the same or different gender has not been
 
explored. If such peers can be found to be just as
 
effective as adult pacers, it would certainly encourage
 
teachers, who might not have adult pacers readily
 
available, to use the one-mile RFWT.
 
Recommendation #6
 
The hypothesis that individuals with Down syndrome
 
present different physiological responses to exercise due
 
to inherent biological or physiological functioning needs
 
to be further examined. Of the 3 studies reported for
 
adults with MR, the results have been conflicting (Pitetti
 
et al., 1988, 1992; Fernhall et al., 1988). It is unclear
 
if this hypothesis extends to children and adolescents
 
with DS. Future studies are needed to provide some clearer
 
answers.
 
Recommendation #7
 
The limited data-base of studies examining laboratory
 
graded exercise testing of children and adolescents with
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MR needs to be addressed in future studies. More
 
information is needed with regard to the reliability and
 
validity of such exercise testings. Also important is the
 
need to further determine the most appropriate testing
 
protocols for ergometry and treadmill tests for
 
individuals with MR of different ages, gender and level of
 
retardation.
 138
 
REFERENCES
 139 
REFERENCES
 
American Alliance for Health, Physical Education &
 
Recreation and Dance (1984). Technical manual: Health
 
related physical fitness. Reston, VA: Author.
 
American College of Sports Medicine (1991). Guidelines
 
for exercise testing and prescription (4th Ed.) Lea &
 
Febiger: Philadelphia.
 
Andrew, G., Reid, J., Beck, S. & McDonald, W. (1979).
 
Training of the developmentally handicapped young
 
adult. Canadian Journal of Applied Sport Science,
 
4:289-293.
 
Astrand, PO. (1952). Experimental studies of physical
 
working capacity in relation to sex and age. Copenhagen:
 
MUnksgaard.
 
Astrand, PO. (1967). Measurement of maximal aerobic
 
capacity. Canadian Medical Association Journal, 96:732­
735.
 
Astrand, PO. & Rodahl, K. (1986). Textbook of work
 
physiology. New York: McGraw Hill.
 
Balke, B. & Ware, R. (1959). An experimental study of
 
physical fitness in air force personnel. U.S. Armed
 
Forces Medical Journal, 10:675-688.
 
Bar-Or, 0., Skinner, J., Bergsteinova, V., Shearburn, C.,
 
Royer, D., Bell, W., Haas, J. & Buskirk, E. (1971).
 
Maximal aerobic capacity of 6 - 15-year-old girls and
 
boys with subnormal intelligence quotients. Acta
 
Paediatrics Scandinavian (Supplement), 217:108-113.
 
Baumgartner, T. & Horvat, M. (1991). Reliability of field
 
based cardiovascular fitness running tests for
 
individuals with mental retardation. Adapted Physical
 
Activity Quarterly, 8:107-114.
 
Beasley, C. (1982). Effects of a jogging program on
 
cardiovascular fitness and work performances or mentally
 
retarded persons. American Journal of Mental Deficiency,
 
86:609-613.
 140 
Bennett, F., Eisenman, P., French, R., Henderson, H. &
 
Shultz, B. (1989). The effect of a token economy on
 
cardiorespiratory fitness exercise behavior of
 
individuals with Down's syndrome. Adapted Physical
 
Activity Quarterly, 6:230-246.
 
Bolonchuk, W. (1971). A critical analysis of the AABPER
 
Youth Fitness Test. A summer research project sponsored
 
by the Louis W. & Maud Hill Family Foundation, St. Paul,
 
Minn. (ERIC Document Reproduction Service No. ED 084
 
758).
 
Brace, D. (1961). Motor fitness of AR boys relative to
 
national age norms. Paper presented to the Research
 
Section, AAHPER National Convention, Atlantic City, New
 
Jersey.
 
Brooks, G. & Fahey, T. (1985). Exercise physiology: Human
 
bioenergetics and its application. Macmillan Publishing
 
Co.: New York.
 
Bundschuh, E. & Cureton, K. (1982). Effect of bicycle
 
ergometry conditioning on the physical work capacity of
 
mentally retarded adolescents. American Corrective
 
Therapy Journal, 36:159-163.
 
Buono, M., Roby, J., Micale, F., Sallis, J. & Shepard, W.
 
(1977). Validity and reliability of predicting maximum
 
oxygen uptake via field tests in children and
 
adolescents. Pediatric Exercise Science, 3:250-255.
 
Burkett, L., & Ewing, N. (1984). Maximum VO2 uptake on 5
 
trainable mentally retarded high school students. In W.
 
Kroll (Ed), Abstracts of research papers presented at
 
the Anaheim, CA, Convention of the American Alliance of
 
Health, Physical Education, Recreation and Dance (pp.
 
73). Reston, VA: AAHPERD.
 
Coleman, A., Ayoub, M. & Friedrich, D. (1976). Assessment
 
of the physical work capacity of institutionalized
 
mentally retarded males. American Journal of Mental
 
Deficiency, 80:629-635.
 
Coleman, R. & Whitman, T. (1984). Developing, generalizing
 
and maintaining physical fitness in mentally retarded
 
adults: Toward a self-directed program. Analysis &
 
Intervention in Developmental Disabilities, 4:109-127.
 141 
Cooper, K. (1968). Correlation between field and treadmill
 
testing as a means of assessing maximal oxygen uptake.
 
Journal of American Medical Association, 203:210-204.
 
Corbin, C. (1972). Relationships between physical working
 
capacity and running performances of young boys.
 
Research Quarterly, 43:235-238.
 
Corbin, C. (1973). A textbook of motor development.
 
Dubuque: Wm. C. Brown Co.
 
Cressler, M., Lavay, B. & Giese, M. (1988). The
 
reliability of four measures of cardiovascular fitness
 
with mentally retarded adults. Adapted Physical
 
Activity Quarterly, 5:285-292.
 
Crawford, G. & Mason, G. (1974). Reliability of the CARPER
 
Fitness Performance Test with junior secondary school
 
boys. Canadian Association for Health, Physical
 
Education & Recreation, 40:12-17.
 
Danhoff, G. & Dohmeier, T. (1992). Comparison of the
 
Rudolph face mask with the standard mouthpiece/noseclip
 
apparatus in measuring respiratory variables. Medicine &
 
Science in Sports & Exercise, 24(5):S589.
 
Depauw, K., Hiles, M., Mowatt, M. & Goc-Karp, G (1985).
 
Cardiovascular endurance of mentally retarded
 
adolescents as assessed by the 12-minute run and cycle
 
ergometry. Paper presented at the 5th International
 
Symposium on Adapted Physical Activity, Toronto.
 
Depauw, K., Goc-Karp, G., Bolsover, N., Hiles, M. &
 
Mowatt, M. (1990). Fitness of mentally retarded
 
individuals as assessed by 12-minute run, cycle
 
ergometry and Rockport Fitness Walking tests. In Vermeer
 
(Ed.) Motor development, adapted physical activity and
 
mental retardation. Medicine & Sport Science, Vol 30,
 
103-116, Basel:Karger.
 
Docherty, D. & Collis, M. (1976). The CAMPER Fitness
 
Performance test revisited. Canadian Association for
 
Health, Physical Education & Recreation Journal, 42:
 
35-38.
 
Docherty D. & Quinney, H. (1984). Evaluating physical
 
fitness with reference to the functional capacities of
 
muscle. Canadian Association for Health, Physical
 
Education & Recreation Journal, 50:15-18.
 142 
Doolittle, T. & Bigbee, R. (1968). The 12- minute run-walk: 
A  test of cardiorespiratory fitness of adolescent boys. 
Research Quarterly, 39:491-495. 
Dunn, J. & Fait, H. (1989). Special physical education.
 
Wm. C. Brown: Dubuque.
 
Eichstaedt, C., Wang, P., Polacek, J. & Dohrmann, P.
 
(1991). Physical fitness and motor skill levels of
 
individuals with mental retardation: Mild, moderate and
 
Down syndrome, ages 6-21. Normal, IL:Illinois State
 
University Printing Services.
 
Eriksson, B. & Saltin, B. (1974). Muscle metabolism during
 
exercise in boys aged 11 to 16 years compared to adults.
 
Acta Paediatr Belgica, 28:257-265.
 
Falls, H. (1966). Estimation of maximum oxygen uptake in
 
adults from AAEPER Youth Fitness items. Research
 
Quarterly, 37:192-210.
 
Fernhall, B. & Tymeson, G. (1986). The relationship
 
between cardiovascular laboratory and field tests with
 
mild and moderately mentally retarded adults. Paper
 
presented at 15th National Conference on Physical
 
Activity for the Exceptional Individual. Woodland Hills,
 
CA.
 
Fernhall, B. & Tymeson, G. (1987). Graded exercise testing
 
of mentally retarded adults: A study of feasibility.
 
Archives of Physical Medicine & Rehabilitation, 68:363
 
-365.
 
Fernhall, B., G. Tymeson & G. Webster (1988).
 
Cardiovascular fitness of mentally retarded individuals.
 
Adapted Physical Activity Quarterly, 5:12-28.
 
Fernhall, B. & Tymeson, G. (1988). Validation of
 
cardiovascular fitness field tests for adults with
 
mental retardation. Adapted Physical Activity Quarterly,
 
5:49-59.
 
Fenstermaker, K., Plowman, S. & Looney, M. (1992).
 
Validation of the Rockport Fitness Walking test in
 
females 65 years and older. Research Quarterly for
 
Exercise & Sport, 63:322-327.
 
Findlay, H. (1981). Adaptation of the Canada Fitness Award
 
for the trainable mentally handicapped. Canadian
 143 
Association for Health, Physical Education & Recreation
 
Journal, 48:5-12.
 
Fox, E. & Matthews, D. (1981). The Physiological basis of
 
physical education and athletics (3rd. Ed.).
 
Philadelphia: Saunders College.
 
Government of Canada (1985). Canada Fitness Award: Adapted
 
for use by TM& Youth. Fitness & Amateur Sport, Ottawa.
 
Grossman, H. (Ed). 1983. Classification in mental
 
retardation. Washington, DC: American Association on
 
Mental Deficiency.
 
Jackson, A. (1975). An evaluation of the AAHPER Youth
 
Fitness Test. Paper presented at the Evaluation section
 
of the Annual meeting of AAHPER, Atlantic City, New
 
Jersey. (ERIC Document Reproduction Service No. ED 103
 
411).
 
Jackson, A., Solomon, J. & Stusek, M. (1992). One-mile
 
walk test: Reliability, validity and norms for young
 
adults. Research Quarterly for Exercise & Sport, S63:
 
A-52.
 
Johnson, L. & Londeree, B. (1976). Motor fitness testing
 
manual for the moderately mentally retarded. Reston,
 
VA: AAHPERD.
 
Katch, F., Pechar, G., McArdle, W. & Weltman, A. (1973).
 
Relationship between individual differences in a steady
 
pace endurance running performance and maximal oxygen
 
intake. Research Quarterly, 44:206-215.
 
Kittredge, J. & Rimmer, J. & Looney, M. (1994). Validation
 
of the Rockport Fitness Walking Test for adults with
 
mental retardation. Medicine & Science in Sports &
 
Exercise, 26:95-102
 
Kline, G., Pocari, J., Hintermeister, R. Freedson, P.,
 
Ward, A., McCarron, R., Ross, J. & Rippe, J. (1987).
 
Estimation of VO2max from a one-mile track walk, gender,
 
age and body weight. Medicine & Science in Sports &
 
Exercise, 19:253-259.
 
Koh, S.M., & Watkinson, J. (1988). Endurance run pacing of
 
moderately mentally handicapped children. Canadian
 
Association for Health, Physical Education & Recreation
 
Journal, 54:12-15.
 144 
Lavay, B., Giese, M., Bussen, M. & Dart, S. (1987).
 
Comparison of three measures of predictor VO2 maximum
 
test protocols of adults with mental retardation: A
 
pilot study. Mental Retardation, 25:39-42.
 
Lavay, B., Reid, G. & Cressler-Chaviz, M. (1990).
 
Measuring the cardiovascular endurance of persons with
 
mental retardation: A critical review. Exercise & Sport
 
Science Review, 8:263-290.
 
Londeree, B. & Johnson, L. (1974). Motor fitness of TMR vs
 
MMR and normal children. Medicine & Science in Sports &
 
Exercise, 6:247-252.
 
Leger, L. & Lambert, J. (1982). A maximal multistage 20-m
 
shuttle run test to predict VO2max. European Journal of
 
Applied Physiology, 49:1-12.
 
Luckasson, R., Coulter, D., Polloway, E., Deiss, S.,
 
Schalock, R., Snell, M., Spitalnik, D. & Stark, J.
 
(1992). Mental retardation: definition, classification
 
and systems of supports (9th Ed.). Washington, DC:
 
American Association on Mental Retardation.
 
Maksud, M. & Hamilton, L. (1974). Physiological responses
 
of MYR children to strenuous exercise. American Journal
 
of Mental Deficiency, 79:32-38.
 
McArdle, W., Katch, F. & Katch, V. (1991). Exercise
 
physiology: Energy, nutrition and human performance
 
(3rd Ed.). Philadelphia: Lea Febiger.
 
McCubbin, J., Rintala, P., Dunn, J. & Wood, T. (1993).
 
Heart-rate consistency during the Rockport Fitness
 
Walking Test in men with mental retardation: A
 
generalizability study. Medicine & Science in Sports &
 
Exercise, 25:S15.
 
Millar, A. (1984). The effect of endurance training on
 
VO2max of Down syndrome adolescents and young adults.
 
Unpublished doctoral dissertation, Arizona State
 
University.
 
Moon, M. & Renzaglia, A. (1982). Physical fitness and the
 
mentally retarded: A critical review of the literature.
 
Journal of Special Education, 16:269-287.
 
Nordgren, B. (1970). Physical capacities in a group of
 
mentally retarded adults. Scandinavian Journal of
 
Rehabilitation & Medicine, 2:125-132.
 145 
Pitetti, K., Fernandez, J., Pizarro, D., Stubbs, N. &
 
Stafford, J. (1988). Evaluating the cardiovascular
 
fitness of Down's syndrome individuals. In Trends in
 
Ergonomics and Rumen Factors, Vol V. Proceedings of the
 
Annual Industrial Ergonomics and Safety Conference, 941
 
-947.
 
Pitetti, K., Jackson, J., Mays, M., Fernandez, J. &
 
Stubbs, N. (1988). Comparison of the physiological
 
profiles of Down and non-Down syndrome, mentally
 
retarded individuals. Proceedings of the Annual
 
Conference of the Human Factors Association of Canada,
 
45-48.
 
Pitetti, K., Jackson, J., Stubbs, N., Campbell, K. &
 
Batter, S. (1989). Fitness levels of adult Special
 
Olympics participants. Adapted Physical Activity
 
Quarterly, 6:354-370.
 
Pitetti, K. & Campbell, K. (1991). Mentally retarded
 
individuals - a population at risk? Medicine & Science
 
in Sports & Exercise, 23:586-593.
 
Pitetti, K & Tan, D. (1990). Cardiorespiratory responses
 
of mentally retarded adults to air-braked ergometry and
 
treadmill. Archive of Physical & Medical Rehabilitation,
 
71:318-321.
 
Pitetti, K. & Tan, D. (1991). Effects of a minimally
 
supervised exercise program for mentally retarded
 
adults. Medicine & Science in Sports & Exercise,
 
23:594-601.
 
Pizarro, D. (1990). Reliability of the health related
 
fitness test for mainstreamed educable and trainable
 
mentally handicapped adolescents. Adapted Physical
 
Activity Quarterly, 7:240-248.
 
Pollock, M., Wilmore, J. & Fox, S. (1984). Exercise in
 
health and dance. Philadelphia: W. B. Saunders.
 
Rarick, G., Widdop, J. & Broadhead, G. (1970). The
 
physical fitness and motor performance of educable
 
mentally retarded children. Exceptional Children,
 
35:509-519.
 
Reid, G., Montgomery, D. & Seidl, C. (1985). Performance
 
of mentally retarded adults on the Canadian Standardized
 
Test of Fitness. Canadian Journal of Public Health,
 
79:187-190.
 146 
Reid, G., Seidl, C. & Montgomery, D. (1989). Fitness tests
 
for mentally adults: Tips for test selection, subject
 
familiarization, administration and interpretation.
 
Journal of Physical Education, Recreation & Dance, 60:
 
76-78.
 
Rikli, R., Petray, C. & Baumgertner, T. (1992). The
 
reliability of distance run tests for children in grades
 
K-4. Research Quarterly for Exercise & Sport, 63:270
 
- 276.
 
Rintala, P., Dunn, J., McCubbin, J. & Quinn, C. (1992).
 
Validity of a cardiovascular fitness test for men with
 
mental retardation. Medicine & Science in Sports &
 
Exercise, 24:941-945.
 
Rowland, T. (1993). Does peak V02 reflect VO2maz in
 
children?: evidence from supramazimal testing. Medicine
 
& Science in Sports & Exercise, 25:689-693.
 
Safrit, M. & Wood, T. (1987). The test battery reliability
 
of the health-related physical fitness test. Research
 
Quarterly for Exercise & Sport, 58:160-167.
 
Schurrer, R., Brammell, H. & Weltman, A. (1985). Effects
 
of physical training on cardiovascular fitness and
 
behavior patterns of mentally retarded adults. American
 
Journal of Mental Deficiency, 90:167-169.
 
Seidl, C., Reid, G & Montgomery, D. (1987).  A critique of
 
cardiovascular fitness testing with mentally retarded
 
persons. Adapted Physical Activity Quarterly, 4:106
 
- 116.
 
Sengstock, W. (1966). Physical fitness of mentally
 
retarded boys. Research Quarterly, 37:113-120.
 
Smith, C. (1972). Fitness testing: Questions about how,
 
why and with what. Journal of Health, Physical Education
 
& Recreation, 43:37-38.
 
Sprynarova, S. (1966). Development of the relationship
 
bewteen aerobic capacity and the circulatory and
 
respiratory reaction to moderate activity in boys 11-13
 
years old. Physiologia, Bohemoslavaea, 15:253.
 
Stein, J. (1965). Physical fitness of the mentally
 
retarded boys relative to national age norms.
 
Rehabilitation Literature, 26:205-208.
 147 
Teo-Koh, S.M. & McCubbin, J. (1993). Reliability of the
 
Rockport Fitness Walking Test for children with mental
 
retardation. Medicine & Science in Sports & Exercise,
 
25(5):S15.
 
Tomporowski, P. & Ellis, N. (1984). Effects of exercise on
 
the physical fitness, intelligence, and adaptive
 
behavior of institutionalized mentally retarded adults.
 
Applied Research in Mental Retardation, 5:329-337.
 
Wang, P. & Eichstaedt, C. (1980). A study of physical
 
fitness levels of mentally handicapped children and
 
adolescents in Illinois. Normal, IL: Illinois State
 
University Printing Press.
 
Watkinson, J. & Koh, S.M. (1988). Heart-rate response of
 
moderately mentally handicapped children and youth on
 
the Canada Fitness Award Adapted endurance run. Adapted
 
Physical Activity Quarterly, 5:203-211.
 
Zwiren, L., Freedson, P., Ward, A., Wilke, S. & Rippe, J.
 
(1991). Estimation of VOommx: A comparative analysis of
 
5 exercise tests. Research Quarterly for Exercise &
 
Sport, 62:73-78.
 APPENDICES
 148 
APPENDIX A
 
LETTER TO PARENTS /GUARDIANS
 (Date)
 
Dear Parent/Guardian,
 
Your child/ward has been identified as a potential
 
participant for a research study to be conducted at the
 
School of Physical Education, National Institute of
 
Education, NTU.
 
The purpose of the proposed study is to determine the
 
fitness of the hearts and lungs of individuals with
 
intellectual disability. The main focus of the study is to
 
predict fitness of the heart using a one-mile walk test
 
and a maximal treadmill walking test. The study is
 
scheduled to be conducted during January - April 1994 at
 
the School of Physical Education. The details of the study
 
is explained in the "Informed Consent Form" attached.
 
The results of the study will be confidential and
 
your child/ward will not be identified in any way should
 
any publications and/or presentations arise from this
 
study. However, I will be most happy to discuss your
 
child's result with you.
 
I am requesting your consent for your child/ward's
 
participation in the study. Please be assured that the
 
study will be conducted by qualified personnel and all
 
precautions and considerations for your child/ward's well­
being will be taken.  Please be assured that your
 
child/ward's participation in the study is voluntary. You
 
are free to withdraw your child's participation at any
 
time. Should you have any questions or queries regarding
 
this study or your child/ward's participation, please feel
 
free to call Teo-Koh Sock Miang at 460-5354 (office).
 
Your assistance in making this study possible will be
 
greatly appreciated. Thank you.
 
Yours faithfully,
 
Mrs. Teo-Koh Sock Miang
 
Lecturer
 
School of Physical Education
 
National Institute of Education
 
Nanyang Technological University
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FOR PARENTS/GUARDIANS
 151 
INFORMED CONSENT FORM A 
The purpose of this research study is to predict the
 
fitness of the heart and lungs of young adolescents with
 
intellectual disability using a one-mile walk test. In
 
order to accomplish this objective, subjects will be
 
tested on 2 different fitness tests: a graded maximal
 
exercise test on a treadmill (GMTT) and a one-mile walk
 
test. All testing will be conducted by the principal
 
researcher with assistance from trained personnel at the
 
School of Physical Education (SPE), Singapore. Potential
 
subjects selected for the study will undergo a medical
 
examination at the School Health Services Division,
 
Ministry of Health, for medical clearance purpose.
 
The design of the study is divided into 3 phases.
 
Each phase will consist of at least 2 visits to the SPE.
 
During phase 1, subjects will report to the SPE and be
 
familiarized with the testing environment, equipment and
 
members of the research team. A research assistant will
 
also demonstrate the treadmill test. During phase 2,
 
subjects will practice walking on the treadmill with the
 
necessary equipment for gas analysis and heart-rate and
 
blood pressure monitoring. During phase 3, subjects will
 
be tested on the one-mile walk on the outdoor track,
 
followed 3 to 4 days later by the graded maximal treadmill
 
exercise test  . All times and dates for the
 
familiarization and testing sessions, as well as
 
transportation to the SPE, will be arranged with the
 
principal of the school.
 
The one mile walk test will require subjects to try
 
and complete the walk in the shortest time possible.
 
Subjects will be tested on a 400 meter outdoor track.
 
Subjects will be accompanied by research assistants during
 
the walk. Subjects will be wearing a Sport-tester for
 
monitoring heart-rate during the walk. The 2 walk tests
 
will be conducted a week apart.
 
The graded maximal treadmill test will require each
 
subject to walk on the treadmill at a constant speed.
 
Depending on each subject's fitness and ability, the
 
walking speed should ranged between 2.5 to 3.3 mph. For
 
most subjects, this speed represents a brisk walk. For the
 
first 2 minutes, subjects will walk at the selected speed
 
with no inclination in the treadmill belt. For the next 2
 
minutes, the treadmill belt inclination will be raised
 
modestly by 2.5 percent. Thereafter the inclination
 
continue to be raised by 2.5 percent every minute until
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the subject declares exhaustion or has met the criteria
 
required for stopping the test. Heart-rate and blood
 
pressure will be monitored throughout the test. The test
 
will be stopped anytime the subject becomes distressed or
 
develops abnormal physiological responses.
 
Subjects will experience some degree of physical
 
discomfort during the treadmill test. However, the risk of
 
possible injury should be reduced or minimal since trained
 
research personnel will conduct the treadmill. A medical
 
personnel trained in critical care will also be present
 
during the test. The benefits to subjects and their
 
parents/guardians are that they will receive valuable
 
information concerning subjects' cardiovascular fitness.
 
Consultation and advice on changes in lifestyle and
 
health-habits will also be provided, if necessary, to
 
those subjects whose cardiovascular fitness levels are
 
established to be poor.
 
Information of subjects involved in this study will
 
be kept strictly confidential. Any publications and/or
 
presentations arising form this study will not identify
 
subjects except for general demographics data.
 
Participation in this study is voluntary. Subjects are
 
free to withdraw from the study at any time with no
 
benefits withheld.
 
Questions and further information related to this
 
study can be directed to Mrs.Teo-Koh Sock Xiang (460­
5354).
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, the parent/guardian
 
of  , have read the above information
 
and give my consent for the principal researcher, Teo-Koh
 
Sock Elena, to include my child/ward as a subject in the
 
study. I give my consent for my child/ward to be tested
 
according to the tests described above. I also understand
 
that by granting consent for my child/ward's
 
participation, I do not hold the National Institute of
 
Education responsible for any possible injury or medical
 
treatment that may occur as a result of participation in
 
this research study. I understand Oregon State University
 
does not provide a research subject with compensation or
 
medical treatment in the event the subject is injured as a
 
result of participation in the research project.
 
Parent/Guardian's signature  Date
 
Principal's signature  Date
 
Principal Researcher's signature  Date
 154
 
APPENDIX C
 
INFORMED CONSENT FORM B
 
FOR SUBJECT
 155 
INFORMED CONSENT FORM B  :  Participant
 
, understand that
 
a)	  I will walk 4 times around the track with a friend. I
 
will try to walk as fast as I can. I will also wear a
 
heart-rate monitor to show how hard my heart is
 
working when I walk. I will do this on two different
 
days.
 
b)	  I will also walk on the treadmill. Walking on the
 
treadmill will be like walking up a small hill. I know
 
that I may feel tired during the test or even a little
 
painful and out of breath. I can stop walking on the
 
treadmill at any time. When I walk on the treadmill
 
during the test, I will breath air through tubes so
 
the researchers can measure my fitness level. I will
 
have stickers paste on my chest so my heart rate can
 
be measured while I walk. Taking these stickers off
 
may pull my skin, but not hurt me.
 
c)	  I will get to practice and try everything until I am
 
comfortable before any of the tests. I can ask
 
questions to make sure I understand what I am being
 
asked to do. I can stop taking part in the tests at
 
any time. I know that my name will not be used in the
 
results of the study.
 
The teacher has explained what I have to do and I
 
like to take part in this study.
 
Subject's Signature	  Date
 
Parent/Guardian's Signature  Date
 
Teacher's Signature	  Date
 
Researcher's Signature	  Date
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MEDICAL SCREENING FORM TO BE COMPLETED
 
BY MEDICAL DOCTOR
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(Date)
 
RE:  Student A's Health Status
 
Dear Dr.
 
My name is Teo-Koh Sock Miang and I am a lecturer at
 
the School of Physical Education, National Institute of
 
Education. I am currently a doctoral student at the Oregon
 
State University, USA. For my dissertation, I am proposing
 
to predict the cardiovascular fitness of adolescent males
 
with mental retardation.
 
I would appreciate it very much if you could assist
 
me in this project by screening the students who have been
 
identified as potential subjects. Subjects to be included
 
in this study should be medically healthy and free from
 
cardiovascular diseases. The study consists of 2 different
 
physical capacity tests. The first test is a one-mile walk
 
test that will be conducted on a 400 meter outdoor track.
 
This test will occur twice. Subject A will be asked to
 
complete the distance in as short a time as possible. An
 
adult will walk with the subject during the test. The 2nd
 
test is a maximal oxygen consumption treadmill test using
 
a walking protocol. Subject A will be provided with at
 
least 4 familiarization sessions before formal testing
 
takes place. For the treadmill test, the speed of the
 
treadmill will be kept constant (between 2.5 to 3.3 mph)
 
and the grade will be increased 2.5% every minute after
 
the 4th minute. Subject A will walk until he declares
 
exhaustion or until he achieve criteria for terminating
 
the test (please see attached for a modified version of
 
the American College of Sports Medicine's indications for
 
terminating a treadmill test).
 
The risk involved in maximal exercise treadmill
 
testing is minimal. Safety precautions will be in place
 
and all research assistants will be trained. Also, heart-

rate and blood pressure responses will be monitored
 
throughout the test. The test will be terminated
 
immediately should any blood pressure abnormalities occur.
 
A staff nurse trained in para-medical care and emergency
 
will be present during the test.
 
I would appreciate it very much if you could please
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help to screen this student,  , by
 
completing the following questions. This is not a consent
 
form and does NOT make you responsible for the subject.
 
The parent or legal guardian of subject A must sign an
 
informed consent document prior to testing.
 
Thank you very much for your kind assistance.
 
Sincerely,
 
Mrs. Teo-Koh Sock Miang
 
Lecturer, School of Physical Education
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MEDICAL SCREENING OF SUBJECT
 
The purpose of this screening is to determine whether
 
is a healthy individual. Healthy
 
individuals are defined here according to the American
 
College of Sports Medicine as "those individuals who are
 
apparently healthy and have no major coronary risk
 
factors".
 
From your screening of the subject, please complete each
 
question regarding the subject's health status for the
 
following risk factors.
 
Risk factors:	  No  Yes  Don't know
 
1.	  High Blood pressure
 
2.	  Abnormal resting HR responses
 
3.	  Elevated total cholesterol/
 
high density lipoprotein
 
ratio (> 5)
 
4.	  Family history of coronary or
 
other atherosclerotic disease
 
prior to age 50
 
5.	  Diabetes mellitus
 
6.	  Physical handicap
 
From your screening, does the student have any medical
 
conditions which would prevent him from participating in
 
the study?
 
Yes, he should NOT be a candidate
 
No, he may be considered as a subject for the study
 
Doctor's signature  Date
 
Phone #
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ACSM GUIDELINES FOR TERMINATION OF GRADED MAXIMAL
 
TREADMILL TEST (Modified from ACSM, 1991)
 
1. Progressive angina (stop at 3+ level or earlier on
 
a scale of +1 to +4 (please refer to scale below).
 
2. Any significant drop (20 mmHg) of systolic blood
 
pressure or a failure of the systolic blood
 
pressure to rise with an increase in exercise load
 
3. Lightheadedness, confusion, ataxia, pallor,
 
cyanosis, nausea, or signs of severe peripheral
 
circulatory insufficiency
 
4. Excessive rise in blood pressure: systolic
 
pressure > 250 mmHg; diastolic pressure > 120 mmHg
 
5. Subject requests to stop
 
6. Failure of the monitoring system
 
Angina Scale
 
1+  Light, barely noticeable
 
2+  Moderate, bothersome
 
3+  Severe, very uncomfortable
 
4+  Most severe pain ever experienced
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TABLE 12.  DESCRIPTIVE CHARACTERISTICS OF SUBJECTS
 
AGE  IQ  HT  WT 
SUBJECT  (yrs)  (WISC)  (cm)  (kg) 
Si  13.08  53  161.80  54.00 
S2  12.75  55  151.70  35.50 
S3  13.67  64  162.20  46.50 
S4  12.17  53  142.90  31.50 
S5  13.58  69  161.70  52.00 
S6  13.67  49  154.30  36.00 
S7  14.33  68  152.90  38.00 
S8  15.83  57  164.00  66.00 
S9  14.25  68  156.00  56.00 
S10  14.33  54  158.00  39.20 
Sll  14.08  69  178.50  64.70 
S12  15.17  46  160.00  51.00 
S13  15.17  55  150.00  63.00  Down Syndrome 
S14  14.08  67  161.10  61.10 
S15  14.17  61  162.90  39.30 
S16  14.08  49  169.10  68.90 
S17  12.42  35  140.60  33.90  Down Syndrome 
S18  14.17  40  156.30  38.50 
S19  15.67  46  173.70  49.90 
S20  16.08  47  161.00  43.50 
S21  12.75  41  164.70  57.20 
S22  15.75  49  166.20  48.90 
S23  13.25  39  146.10  30.90 
S24  16.17  58  166.70  56.80 
S25  15.17  55  173.00  46.00 
S26  14.08  64  158.00  45.50  Down Syndrome 
S27  12.08  47  131.80  21.60 
S28  12.42  42  163.30  40.30 
S29  12.67  40  155.70  49.20 
S30  14.17  47  171.30  49.20 
S31  14.75  44  147.10  52.50 
S32  16.42  40  165.50  78.60 
S33  16.58  37  167.60  41.70 
S34  14.75  46  168.60  88.40 
S35  12.17  40  154.30  61.80 
S36  13.58  39  146.20  33.80 
S37  14.58  40  159.30  61.60 
S38  12.75  36  130.30  26.50 
S39  12.42  37  151.40  47.90  Down Syndrome 
S40  15.75  64  159.10  60.10 
Mean  14.13  50.3  158.12  49.18 
Std. Dev.  1.3  10.56  10.62  14.04 164 
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TABLE 13. INDIVIDUAL SUBJECTS' RFWT PERFORMANCE
 
Subject TIME 1 TIME 2 TIME DIFF. E-HR1  E-HR2 W-HRpeakl W-HRpeak2 
(min)  (min)  (min)  (bpm)  (bpm)  (bpm)  (bpm) 
Si  11.77  11.22  0.55  180  186  180  186 
S2  14.50  14.00  0.50  174  185  174  186 
S3  14.38  13.95  0.43  141  158  165  177 
S4  14.47  14.42  0.05  178  184  190  191 
S5  12.42  12.43  0.01  187  173  187  178 
S6  13.53  12.25  1.28  185  190  189  190 
S7  14.03  14.30  0.27  130  146  166  164 
S8  14.53  15.87  1.34  130  129  133  135 
S9  12.88  12.20  0.68  193  190  200  197 
S10  12.75  12.72  0.03  183  191  203  192 
S11  13.20  13.10  0.10  175  178  191  186 
S12  12.63  12.30  0.33  181  186  190  190 
S13  18.22  17.42  0.80  161  165  167  165 
S14  13.65  .13.92  0.27  176  172  192  194 
S15  14.23  13.08  1.15  159  178  177  188 
S16  12.22  12.02  0.20  164  168  172  181 
S17  16.52  16.60  0.08  180  166  182  178 
S18  14.82  14.80  0.02  185  196  187  196 
S19  13.27  14.18  0.91  167  168  179  185 
S20  12.55  12.31  0.24  188  196  200  197 
S21  15.85  15.83  0.02  149  153  176  175 
S22  13.68  13.82  0.14  172  177  177  179 
S23  14.93  14.38  0.55  133  151  162  152 
S24  14.93  14.82  0.11  165  159  172  177 
S25  11.60  11.45  0.15  172  174  191  189 
S26  18.10  17.95  0.15  134  156  148  156 
S27  15.47  15.65  0.18  165  162  167  164 
S28  14.87  14.75  0.12  171  170  175  173 
S29  15.67  15.75  0.08  158  159  164  165 
S30  14.80  14.53  0.27  171  174  174  189 
S31  17.95  18.17  0.22  148  148  148  148 
S32  15.95  15.78  0.17  142  132  142  140 
S33  19.08  18.78  0.30  154  155  158  157 
S34  17.63  17.47  0.16  142  145  155  154 
S35  19.35  20.45  1.10  150  144  1-76  155 
S36  16.98  16.72  0.26  160  163  169  170 
S37  16.72  16.52  0.20  136  141  140  145 
S38  18.97  18.71  0.26  188  182  188  187 
S39  19.80  19.67  0.13  176  178  178  179 
S40  15.73  14.32  1.41  176  179  177  179 
Mean  15.12  14.97  0.38  165  168  174  175 
Std.Dev  2.23  2.34  0.4  18  17  17  17 166 
APPENDIX H
 
CORRELATION MATRIX OF SUBJECTS' CHARACTERISTICS
 
AND RFWT PERFORMANCE VARIABLES
 TABLE 14.A. CORRELATION MATRIX OF SUBJECTS' CHARACTERISTICS AND RFWT PERFORMANCE
 
VARIABLES  - ALL SUBJECTS
 
AGE  IQ  HT  WT  TIME 1.  TIME 2  E-HR1  E-HR2 HRpeaklr-HRpeak2 
AGE  1 
IQ  0.1859  1 
HT  0.5508  0.3010  1 
WT  0.4416  0.1749  0.6111  1 
TIME 1  - 0.1563  - 0.4906  - 0.4097  0.0239  1 
TIME 2  0.1564  - 0.5036  - 0.3753  0.0545  0.9741  1 
E-HR1  - 0.1484  0.0624  - 0.0927  - 0.2830  - 0.3739  -0.42195  1 
E-HR2  - 0.1504  0.1678  - 0.0620  - 0.4111  - 0.4491  -0.5309  0.8964  1 
W- HRpeakl  - 0.2134  0.2034  - 0.0183  - 0.3262  - 0.4824  -0.5122  0.8614  0.8628  1 
W-HRpeak2  - 0.1518  0.2586  0.0754  - 0.3330  - 0.5407  -0.59317  0.8447  0.9216  0.9170  1 
(r in BOLD PRINT significant at 0.05 significance level) TABLE 14.B. CORRELATIONAL MATRIX OF SUBJECTS' CHARATERISTICS AND RFWT PERFORMANCE
 
AGE
 
IQ
 
HT
 
WT
 
TIME 1
 
TIME 2
 
E-HR1
 
E-HR2
 
W-HRpeakl
 
W-HRpeak2
 
AGE
 
1
 
0.2707 
0.5833
 
0.4768
 
- 0.1657 
- 0.2599 
0.3296 
0.3095 
- 0.4124 
- 0.2846 
VARIABLES - "RFWT ONLY" SUBJECTS
 
IQ  HT  WT  TIME 1 TIME 2  E-HR1  E-HR2 Hrpeaklr-HRpeak2
 
1 
0.2532  1 
0.0907  0.6005  1
 
0.3995  - 0.3879  0.0425  1
 
0.4620  - 0.3993  0.0346  0.9793
  1
 
- 0.0659  0.2868  - 0.5497  0.1995  - 0.2506  . 1 
0.2087  0.2036  - 0.6032  - 0.2001  - 0.2787  0.9042  1
 
0.0363  0.1538  - 0.4619  - 0.2244  - 0.2228  0.8856  0.8263  1
 
0.1713  - 0.0548  - 0.5027  - 0.3375  - 0.3845  0.8934  0.9492  0.8954
  1
 
TABLE 14.C. CORRELATIONAL MATRIX OF SUBJECTS' CHARACTERISTICS AND RFWT PERFORMANCE
 
VARIABLES - "RFWT & GMTT" SUBJECTS)
 
AGE  IQ  HT  WT  TIME 1 TIME 2  E-HR1  E-HR2 HRpeak1r-HRpeak2 
AGE  1 
IQ  0.1096  1 
HT  0.5074  0.3011  1 
WT  0.4142  0.3503  0.6631  1 
TIME 1  0.1250  - 0.2773  - 0.4645  - 0.1120  1 
TIME 2  - 0.0047  - 0.2697  - 0.3367  0.0041  0.9310  1 
E-HR1  0.0639  0.0415  - 0.0188  0.0714  - 0.3763  - 0.4569  1 
E-HR2  - 0.1011  0.0761  0.0557  - 0.2805  - 0.4173  - 0.5712  0.8871  1 
W-HRpeakl  0.1403  0.0336  - 0.0154  - 0.2070  - 0.4119  - 0.5109  0.8515  0.8529  1 
co
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APPENDIX I
 
REPEATED MEASURES ANOVA COMPUTATION
 
RFWT PERFORMANCE VARIABLES
 170 
REPEATED MEASURES ANOVA FOR RFWT WALK TIME
 
(ALL SUBJECTS)
 
Mean  Std. Dev.
 
Time 1  (min)  15.116  2.229
 
Time 2  (min)  14.965  2.338
 
Source  SS  df  MS  F  Prob > F 
Between Subject  401.495  39  10.295  -
Within  Subjects  5.943  40  0.1486 
Treatments  0.453  1  0.4528  3.22  0.0807' 
Error  5.490  39  0.1408
 
Total  407.438  79
 
non-significance at 0.05 level
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT, R
 
R =	 MS(mgoect)
  MS(within) 
MS (subject)  (k/k' - 1) (MSithin) 
where, 
k = number of trials actually conducted
 
= prophesied number of trials for which
 
reliability coefficient is estimated
 
R =  10.295  - 0.1486
 
10.295  +  (2/1 - 1)(0.1486)
 
R =	 _10.1464
 
10.4436
 
Therefore,
 
R =  0.9715
 171 
REPEATED MEASURES ANOVA FOR RFWT WALK TIME
 
("RFWT ONLY" SUBJECTS)
 
Mean  Std. Dev.
 
Time 1 (min)  16.79  2.14
 
Time 2 (min)  16.67  2.31
 
Source  SS  df  MS  F  Prob > F
 
Between Subject  147.246  15  9.816  ­
Within  Subjects  1.877  16  0.117
 
Treatments  0.125  1  0.125  1.068  0.3164*
 
Error  1.752  15  0.117
 
Total  149.123  31
 
(* non-significance at 0.05 level)
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
R  9.816  - 0.117
 
9.816  +  (2/1 - 1)(0.117)
 
9.699
 
9.933
 
Therefore,
 
R  =  0.9764
 172 
REPEATED MEASURES ANOVA FOR RFWT WALK TIME
 
("RFWT & GMTT" SUBJECTS)
 
Mean  Std. Dev. 
Time 1 (min)  14.00  1.47 
Time 2 (min)  13.83  1.56 
Source  SS  df  MS  F  Prob > F
 
Between Subject  102.126  23  4.44  ­
Within  Subjects  5.12  24  0.21
 
Treatments  0.53  1  0.53  2.63  0.1185.
 
Error  4.59  23  0.20
 
Total  106.24  47
 
(' non-significance at 0.05 level)
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
R  =  4.44  - 0.169
 
4.44  +  (2/1 - 1)(0.169)
 
4.271
 
4.609
 
Therefore,
 
R  =  0.9089
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REPEATED MEASURES ANOVA FOR RFWT END -HR
 
(ALL SUBJECTS)
 
Mean  Std.  Dev.
 
End -HR 1  164  18
 
End-Hr 2  168  17
 
Source  SS  df  MS  F  Prob >
 
Between Subject  23433.5  39  600.859
 
Within  Subjects  1498.0  40  37.45
 
Treatments  204.75  1  204.75  6.17  0.0174
 
Error  1293.25  39  33.160
 
Total  24931.5  79
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
R  =  600.859  - 37.45
 
600.859  +  (2/1 - 1)(37.45)
 
R  =  563.409
 
638.309
 
Therefore,
 
R  =  0.8827
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REPEATED MEASURES ANOVA FOR RFMT's END-HR
 
("RFWT ONLY" SUBJECTS)
 
Mean  Std. Dev.
 
End -HR 1  159  16
 
End -Hr 2  160  15
 
Source  SS  df  MS  F  Prob > F
 
Between Subject  7001.47  15  466.76  ­
Within  Subjects  368.50  16  23.03
 
Treatments  11.28  1  11.28  0.47  0.5018*
 
Error  357.22  15  23.81
 
Total  7369.97  31
 
(  * non-significance at 0.05 level  )
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
R  =  466.76  - 23.03
 
466.76  +  (2/1 - 1)(23.03)
 
R  =  443.73
 
489.79
 
Therefore,
 
R  =  0.9060
 175 
REPEATED MEASURES ANOVA FOR RFWT END -HR
 
( "RFWT & GMTT" SUBJECTS)
 
Mean  Std. Dev.
 
End -HR 1  168  19
 
End-Hr 2  173  17
 
Source  SS  df  MS  F  Prob > F
 
Between Subject  14148.31  23  615.14
 
Within  Subjects  1129.50  24  47.06
 
Treatments  247.52  1  247.52  6.45  0.0183
 
Error  881.98  23  38.35
 
Total  15277.81  47
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
R  =  615.14  - 47.06
 
615.14  +  (2/1 - 1)(47.06)
 
R  =  568.08
 
662.20
 
Therefore,
 
R  =  0.8579
 176 
REPEATED MEASURES ANOVA FOR RFWT W-HR Imm
 
(ALL SUBJECTS)
 
Mean  Std. Dev.
 
W-Max HR 1  174  17
 
W-Max Hr 2  175  17
 
Source	  SS  df  MS  F  Prob > F
 
Between Subject  21003.7  39  538.56 ­
Within  Subjects  919.0  40  22.98
 
Treatments  9.75  1  9.75  0.42  0.5206*
 
Error  909.25  39  23.314
 
Total	  21922.7  79
 
(  * non-significance at 0.05 level )
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
R  =  538.5564  - 22.975
 
538.5564  +  (2/1 - 1)(22.975)
 
R  =	  515.5814
 
561.5314
 
Therefore,
 
R  =  0.9182
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REPEATED MEASURES ANOVA FOR RFWT W-HR Imm
 
("RFWT ONLY" SUBJECTS)
 
Mean  Std.  Dev.
 
W-Max HR 1  166  16
 
W-Max Hr 2  166  16
 
Source  SS  df  MS  F  Prob > F
 
Between Subject  7114.50  15  474.30  ­
Within  Subjects  393.00  16  24.56
 
Treatments  0.00  1  0.00  0.00  1.0000*
 
Error  393.00  15  26.20
 
Total  7507.50  31
 
(  * non-significance at  0.05 level  )
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
474.30  - 24.56
 
474.30  +  (2/1 - 1)(24.56)
 
449.74
 
498.86
 
Therefore,
 
R  =  0.9015
 178 
REPEATED MEASURES ANOVA FOR RFWT WAUtimm
 
("RFWT & GMTT" SUBJECTS)
 
Mean  Std. Dev.
 
W-Max HR 1  180  15
 
W-Max Hr 2  181  15
 
Source  SS  df  MS  F  Prob > F
 
Between Subject  9805.92  23  426.34  ­
Within  Subjects  526.00  24  21.92
 
Treatments  16.33  1  16.33  0.74  0.3995*
 
Error  509.67  23  22.16
 
Total  10331.92  47
 
(  * non-significance at 0.05  level )
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
426.34  - 21.92
 
426.34  +  (2/1 - 1)(21.92)
 
R  =  404.42
 
448.26
 
Therefore,
 
R  =  0.9022
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APPENDIX J
 
CORRELATION MATRIX OF PHYSIOLOGICAL PARAMETERS
 TABLE 15. CORRELATIONAL MATRIX OF PHYSIOLOGIOCAL PARAMETERS
 
VO2peakl VO2peak2 V02-1 V02-2 T-HRpeak1 P-Mipeak2 RERpeak1 RERpeak2 VEpeak1 VEpeak2
 
VO2peakl  1 
VO2peak2  0.9088  1 
V02-1  0.3975  0.2916  1 
V02-2  0.4177  0.4214  0.9000  1 
T-HRpeakl  0.6489  0.6563  0.3985  0.4560  1 
T-HRpeak2  0.6675  0.7281  0.3779  0.4788  0.8876  1 
RERpeak 1  0.7011  0.6500  0.2365  0.3368  0.6646  0.6363  1 
RERpeak 2  0.7935  0.6929  0.4210  0.3912  0.6813  0.6307  0.6204  1 
VEpeak1  0.5923  0.5446  0.6942  0.7527  0.6380  0.5957  0.7216  0.6038  1 
VEpeak2  0.5618  0.5443  0.6875  0.7599  0.6211  0.5756  0.6213  0.6993  0.9266  1 181 
APPENDIX X
 
REPEATED MEASURES ANOVA FOR RELATIVE AND ABSOLUTE peak VO2
 182 
REPEATED MEASURES ANOVA FOR Peak VO2 (ml-kg-lmin-1)
 
Mean  Std. Dev.
 
Peak VO2 (test 1)  40.0858  6.7856
 
Peak VO2 (test 2)  40.5612  6.5774
 
Source  SS  df  MS  F  Prob > F
 
Between Subject  1959.91  23  85.213  ­
Within  Subjects  96.84  24  4.035
 
Treatments  2.708  1  2.7083  0.66  0.4243'
 
Error  94.1317  23  4.0927
 
Total  2056.75  47
 
(' non-significance at 0.05 level)
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
R  =  85.213  - 4.035
 
85.213  +  (2/1 - 1)(4.035)
 
R  =  81.178
 
89.248
 
Therefore,
 
R  =  0.9096
 183 
REPEATED MEASURES ANOVA FOR peak V02 (1101,72-1)
 
Mean  Std. Dev.
 
Peak VO2  (test 1)  1.8933  0.5273
 
Peak V02  (test 2)  1.9446  0.4865
 
Source  SS  df  MS  F  Prob > F
 
Between Subject  11.2303  23  0.4883  ­
Within  Subjects  0.6405  24  0.0267
 
Treatments  0.0315  1  0.0315  1.19  0.2866*
 
Error  0.6090  23  0.0265
 
Total  11.8708  47
 
(* non-significance at 0.05 level)
 
COMPUTATION OF INTRACLASS CORRELATION COEFFICIENT
 
0.4883  - 0.0267
 
0.4883  +  (2/1 - 1)(0.0267)
 
0.4616
 
0.5150
 
Therefore,
 
R  =  0.8963
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APPENDIX L
 
CORRELATION MATRIX OF BEST RFWT AND GMTT PERFORMANCE
 TABLE 16. CORRELATION MATRIX OF BEST RFWT AND GMTT PERFORMANCE
 
AGE  IQ  HT  WT  TIME  E-HR W-HRpeak VO2peak VOpeak T-HRpeak RERpeak VEpeak 
AGE  1 
IQ  0.1096  1 
HT  0.5074  0.3011  1 
WT  0.4142  0.3503  0.6631  1 
TIME  - 0.0949  - 0.2880  - 0.4077  - 0.0649  1 
E-HR  - 0.1804  0.1135  - 0.0930  - 0.2425  - 0.4107  1 
W-HRpeak  - 0.1986  0.0674  0.0307  0.2077  0.4364  0.8755  1 
VO2peak  - 0.0093  0.2277  0.1919  - 0.2664  - 0.7582  0.1977  0.3120  1 
VOpeak  0.3487  0.4385  0.7718  0.7694  - 0.5843  0.0608  0.0532  0.3944  1 
T-HRpeak  - 0.0082  0.2925  0.2758  - 0.0055  - 0.6845  0.5224  0.7146  0.6459  0.4288  1 
RERpeak  - 0.1454  0.1928  0.1690  - 0.1553  - 0.7182  0.2467  0.2887  0.7012  0.3184  0.6204  1 
VEpeak  0.2454  0.3965  0.5215  0.4008  - 0.7395  0.0915  0.1946  0.5404  0.7484  0.5808  0.7411  1 186 
APPENDIX M
 
RESIDUAL PLOTS OF RELATIVE AND ABSOLUTE peak VO2
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Figure 7A. Residual plot (relative peak V02)
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Figure 7B. Residual plot (absolute peak V02)
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APPENDIX N
 
NORMAL PROBABILITY PLOTS
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Figure 8A. Normal probability plot (relative peak V02)
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Figure 8B. Normal probability plot (absolute peak V02)
 